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INTRODUCTION 
The dramatic rise in occurrence of cutaneous melanoma in the last decades 
draws attention to the fact that this tumour has become a growing threat to 
public health.1 This has stimulated the interest in the aetiology of this 
condition and requires a critical assessment of potential risk factors. 
Knowledge of these factors can provide starting points for preventive 
measures. 
From epidemiologic studies it has become clear that pigmentary traits are 
important determinants of melanoma risk. Persons with red or blond hair, blue 
eyes, persons who burn and freckle easily and have many naevi, have an 
increased risk of developing melanoma.2 With respect to environmental risk 
factors the discussion so far has focussed mainly on the effect of sunlight 
exposure. Exposure to sunlight is nowadays widely accepted as an important 
risk factor despite the fact that the sunlight theory shows inconsistencies. The 
epidemiology of melanoma differs from that of the nonmelanoma skin cancers, 
in which the role of cumulative sunlight exposure is evident. Basal cell and 
squamous cell carcinomas appear predominantly on exposed areas of the head 
and neck, and are more frequent among outdoor than among indoor workers. 
Squamous cell carcinoma is readily induced in animals by ultraviolet 
radiation.3 Contrary to expectation, the anatomic distribution of the common 
types of melanomas does not match the areas with highest accumulated 
exposure to the sun. About 75% of all melanomas occurs on body sites that 
are usually covered by clothing.4 Furthermore, indoor workers are affected 
more frequently than outdoor workers.5 To explain these observations the 
'intermittent sunlight theory' was put forward; especially irregular bursts of 
intense exposure to the sun increase the risk of melanoma.6 Because gradual 
tanning is believed to give protection against sunlight, more regular, chronic 
exposure is thought to have a neutral or even protective effect. So, the 
dissimilarities between nonmelanoma skin cancers and melanoma are not seen 
as a barrier to acceptance of sunlight as a cause of melanoma. It is believed 
that there are only important differences in the nature of the relationship with 
sunlight. 
The intermittent sunlight hypothesis pertains to the most common types of 
cutaneous melanoma, superficial spreading melanoma and nodular 
melanoma,7,8 which together constitute about 90% of all melanomas. The other 
histologic types of melanoma, lentigo maligna melanoma and acrolentiginous 
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melanoma, are considered to have a different aetiology. Lentigo maligna 
melanoma (about 5% of all melanomas) has in common with nonmelanoma 
skin cancers that it is related to the total accumulated dose of sunlight received 
on exposed body sites.9 
So far, case-control studies of the association between intermittent sunlight 
exposure and melanoma risk have yielded only small odds ratios.10 Despite the 
weak associations the intermittent sunlight theory still strongly appeals to its 
advocates and has deflected attention from other environmental factors that 
could play a role in the aetiology of cutaneous melanoma. An important 
reason for this is the lack of evidence for an alternative coherent hypothesis. 
The present thesis serves two objectives. Firstly, it critically evaluates the 
available evidence for the widely accepted intermittent sunlight hypothesis. 
Although weak assocations do not rule out causal connections, such 
associations are more susceptible to undetected biases." Therefore, the 
association between intermittent sunlight exposure and cutaneous melanoma 
has been re-evaluated with special interest in several methodologie problems, 
that could explain the observed weak associations. Secondly, the thesis 
explores alternative theories about the possible aetiologic role of chemicals in 
the environment, which come into contact with the body through food, drugs, 
cosmetics, air and water. Such xenobiotics have become widely distributed 
and may have, alone or in combination with increased exposure to sunlight, 
harmful effects on human naevocytes. 
The thesis consists of three parts. In order to give a scope of the problem in 
The Netherlands, the first part describes the incidence and mortality of 
cutaneous melanoma in this country. In chapter 1 the incidence of melanoma 
in The Netherlands is estimated with data derived from the registration of 
pathohistologic diagnoses of diseases (PALGA). Chapter 2 focusses on the 
trends in mortality over the period 1950-1988. Statistical models were used to 
study whether the increased mortality results from better certification of 
melanoma deaths, from secular trends, or from both. 
The second part comprises reviews of literature data with respect to the 
effects of sunlight exposure and nonsolar factors (chapters 3 and 4), 
respectively. Chapter 5 presents a new hypothesis with respect to the aetiology 
of melanoma; water pollutants may play an important role through aquatic 
leisure activities. 
Part 3 reports the results of a case-control study of the role of risk 
indicators for melanoma, which was performed in the mideastern part of The 
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Netherlands. Difficulties with accurate measurement of past sunlight exposure 
harbour the danger of misclassification of exposure and resulting biases of the 
risk estimates. Chapter 6 discusses to what extent recall bias could have led to 
overestimation of the sunlight-melanoma association. Potential attenuation of 
this association by nondifferential misclassification of sunlight exposure is the 
subject of chapter 7. This chapter illustrates the practical value of a method, 
that was proposed to correct for attenuation of odds ratios due to this kind of 
misclassification by use of a measure of reproducibility of exposure. Chapter 8 
considers an important implication of the intermittent sunlight theory. 
According to this theory sunlight exposure increases melanoma risk, if the 
skin is not yet accustomed to the sun. Gradual tanning gives protection against 
sunlight and hence against melanoma. It was evaluated whether the effect of 
sunlight exposure on melanoma risk is stronger among indoor workers and 
sun-sensitive persons than among persons who have a greater opportunity for 
gradual tanning. In chapter 9 the hypothesis, that swimming in specific types 
of water might increase melanoma risk, was evaluated. Finally, chapter 10 
examines the associations of melanoma risk with specific industrial exposures. 
In summary, this thesis addresses the problem of cutaneous melanoma in 
The Netherlands, the body of evidence for solar and nonsolar risk factors, and 
the results of a recently carried out case-control study of risk indicators for 
superficial spreading and nodular melanomas. The thesis re-evaluates the 
association of these melanoma types with sunlight exposure with emphasis on 
methodologie problems and important implications of the intermittent sunlight 
hypothesis. Furthermore, it explores alternative hypotheses on the intriguing 
and intricate aetiology of cutaneous melanoma. 
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PART 1 
INCIDENCE AND MORTALITY OF CUTANEOUS 
MELANOMA IN THE NETHERLANDS 

CHAPTER 1 
THE EPIDEMIOLOGY OF CUTANEOUS MELANOMA IN 
THE NETHERLANDS: A DESCRIPTIVE STUDY 
P.J. Nelemans 
F.H.J. Rampen 
Nederlands Tijdschrift voor Geneeskunde 1990; 134: 2038^2 
ABSTRACT 
A study of the mortality rates of cutaneous melanoma over the 
period 1950-1985 in The Netherlands showed a fourfold increase of 
mortality. A graphical presentation of mortality rates by date of birth 
suggests a birth cohort effect: age-specific mortality rates increase with 
successively younger generations. To determine the incidence of cutaneous 
melanoma, data were derived from a registration of histologic diagnoses of 
diseases (PALGA). The estimated numbers of new cases of melanoma 
were 1270 and 1372 in the years 1986 and 1987, respectively. Data on the 
trend in incidence are restricted, but indicate an increase. This descriptive 
study allows no conclusions about the cause of the rise in incidence and 
mortality rates. 
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INTRODUCTION 
During the last decades a steep rise in incidence of cutaneous melanoma has 
been observed in several countries. A doubling of incidence every ten years 
has been reported.1 From studies about trends in incidence of and mortality 
from melanoma it was concluded, that the increases were attributable to a 
birth cohort effect, i.e. generations born more recently have a higher 
probability of developing and dying from a melanoma.2"* The results of these 
studies further indicate that the increase in incidence has started around the 
beginning of this century and is observed for both sexes. The cause of the 
impressive rise is unknown. Many possible risk factors for melanoma have 
been studied. In particular, the increased exposure to sunlight by changes in 
sun exposure and clothing habits is considered an important cause, although 
several studies of the association between melanoma risk and sunlight 
exposure have not yielded consistent results.3 
To give the scope of the problem of cutaneous melanoma in The 
Netherlands, we describe herein the trend in mortality from this tumour over 
the period 1950-1985. We also estimated the incidence of melanoma in the 
years 1986 and 1987. The results are compared with those of studies of 
melanoma incidence and mortality in other countries. 
DATA AND METHODS 
Mortality from melanoma 
To study trends in mortality, data on numbers of deaths due to melanoma 
were obtained from the Central Bureau of Statistics.6,7 Data on population 
numbers were derived from the same source. To adjust for the aging of the 
Dutch population during the period 1950-1985, the mortality rates were 
corrected for age by indirect standardization.8 
Incidence of melanoma 
Incidence of cutaneous melanoma in The Netherlands was estimated by use of 
data from PALGA. PALGA stands for Pathologisch-Anatomisch Landelijk 
Geautomatiseerd Archief, which registers all histologie diagnoses made by 
affiliated pathology departments. PALGA offered data on the numbers of 
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melanoma that were registered in 1986 and 1987. Metastatic secondaries were 
excluded. 
In 1986 and 1987 the registry did not cover the whole country, because in 
those years not all pathology departments in The Netherlands were affiliated to 
PALGA. It was calculated, that in 1986 PALGA registered about 71% of the 
nationwide number of histologic diagnoses made; in 1987 coverage was about 
76%. These proportions were inferred by comparing the total number of 
histologic diagnoses of all organ tissues, that in 1986 and 1987 were made by 
the affiliated pathology departments, with the total number of diagnoses made 
in The Netherlands in these years. These numbers were obtained by use of 
data from PALGA and by inquiring at the non-affiliated pathology 
departments, how many histologic diagnoses of all organ tissues were made. 
The data on mortality and incidence, which are used in this study, refer to 
all histologic types of melanoma. For 53% of all registered melanomas the 
histologic type was not specified. From the histologically specified melanomas 
the major part (about 80%) consisted of superficial spreading and nodular 
melanomas. 
RESULTS 
Melanoma mortality rates 
In 1950 cutaneous melanoma was registered as a cause of death in 10 men and 
in 10 women. In 1985 the numbers had increased to 144 for men and to 
116 for women. However, in the period 1950-1985 population numbers have 
also increased, and the age distribution of the Dutch population has changed. 
Therefore, Table 1.1 shows the mortality rates per 100,000 for three-year 
periods, standardized for age. For men mortality rates (per 100,000) have 
increased from 0.70 to 2.90; for women a rise from 0.54 to 2.20 is observed. 
So, mortality rates show an about fourfold increase for both sexes. 
Comparison of male with female rates learns, that among men mortality from 
cutaneous melanoma is generally higher than among women. 
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TABLE 1.1 Average annual mortality rate per 100,000 (indirectly 
standardized by use of the sunpopulation of men 1975-1985) for 
cutaneous melanoma in The Netherlands 1950-1985 
Period 
1950-1952 
1953-1955 
1956-1958 
1959-1961 
1962-1964 
1965-1967 
1968-1970 
1971-1973 
1974-1976 
1977-1979 
1980-1982 
1983-1985 
Men 
0.70 
0.70 
1.14 
1.17 
1.61 
1.86 
2.12 
2.25 
1.99 
2.47 
2.65 
2.90 
Women 
0.54 
0.84 
1.07 
1.04 
1.38 
1.48 
1.66 
1.78 
1.83 
2.10 
2.16 
2.20 
Male-to-female 
ratio 
1.30 
0.83 
1.07 
1.13 
1.17 
1.26 
1.28 
1.26 
1.09 
1.18 
1.23 
1.32 
The age-specific rates according to date of birth are graphically presented in 
Figures 1.1 (men) and 1.2 (women). Age-specific mortality rates are higher 
for cohorts which are born more recently. This observation pertains to all 
birth cohorts and all age groups. The rates for the cohort born around 1910 
are all higher than those for the cohort born around 1900. From these data it 
cannot be derived, when the cohort effect has started nor when it will end. It 
can be concluded though, that the increase in mortality from melanoma has 
begun in or before 1881 and has continued until after 1941. 
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FIGURE 1.1 Age-specific mortality rates (men) per 100,000 for successive 
birth cohorts in The Netherlands 
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FIGURE 1.2 Age-specific mortality rates (women) per 100,000 for successive 
birth cohorts in The Netherlands 
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Estimated incidence of melanoma 
In the years 1986 and 1987 Ρ ALGA registered 902 and 1043 new cases of 
melanoma, respectively. Considering the coverage of nationwide diagnoses by 
PALGA in those years, incidence in The Netherlands is estimated at 
1270 melanomas in 1986 and 1372 melanomas in 1987 (Table 1.2). 
TABLE 1.2 Estimated incidence of cutaneous melanoma in The Netherlands in 
the years 1986 and 1987 
1986 
1987 
Number of melanomas 
registered by PALGA 
m 
302 
388 
f 
600 
655 
total 
902 
1043 
Coverage by 
PALGA 
71% 
76% 
Number of melanomas 
in The Netherlands 
m 
425 
510 
f total 
845 1270 
862 1372 
The crude incidence rates in The Netherlands (1987) are 7.1 per 100,000 for 
men and 11.7 per 100,000 for women. Adjustment for the age distribution by 
use of the world standard population allows comparison with the incidence in 
other countries. Adjusted (by direct standardization) incidence rates 
per 100,000 are 6.3 for men and 9.4 for women with a female-to-male ratio 
of 1.5. 
The melanoma incidence was also calculated according to data on the 
numbers of melanoma, registered in 1986 by 19 pathology departments, which 
had been the first affiliations to PALGA in 1983.' All pathology reports 
concerning diagnoses of melanoma were reviewed by van Everdingen et al.9 
This guaranteed the exclusion, not only of recurrences and secondaries, but 
also of double examinations of melanoma in one person. In the 19 pathology 
departments, which covered about 30% of nationwide diagnoses, 383 new 
cases were diagnosed. These data lead to an estimation of 1277 incident 
melanomas in 1986. 
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DISCUSSION 
The results of this descriptive study are in keeping with the findings in other 
countries. Mortality from cutaneous melanoma has increased continuously and 
younger birth cohorts have a higher risk of dying from this tumour. The 
increasing trend can already be observed for cohorts born at the end of the 
previous century. 
In countries, where trends in incidence can be studied, the increasing 
mortality clearly results from a rise in incidence. In The Netherlands the 
possibility of studying nationwide trends in cancer incidence is very limited. 
PALGA dates back only to 1983, and during the first years of registration 
coverage of all histologic diagnoses in The Netherlands was small. This makes 
estimates of nationwide trends in incidence on the basis of data from PALGA 
not very reliable. From 1986 to 1987 the number of melanomas registered by 
PALGA increased from 1270 to 1372. If one assumes, that the observed 
increase of 8% continues, this means a doubling of incidence every 9 years. 
It is assumed that the rise in incidence is real and not the result of improved 
diagnosis or more complete registration.10 The observed cohort effect suggests 
an increased exposure of more recent birth cohorts to an aetiologic agent. 
Which factor is responsible for the rise in mortality from melanoma, cannot be 
inferred from descriptive studies. It could be any factor, to which people have 
been increasingly exposed since the beginning of this century. Several 
aetiologic studies reported that irregular, intermittent exposure to intense 
sunlight, as experienced during recreation, is an important risk factor."·12 
However, a high socioeconomic status is also associated with higher risk of 
melanoma, even after adjustment for intermittent sunlight exposure. This 
finding is compatible with the hypothesis, that a hitherto unknown risk factor 
which is associated with prosperity is responsible for the higher incidence of 
melanomas.13 The observation that there has been a rise in mortality since the 
end of the previous century justifies the conclusion, that for example the use 
of oral contraceptives cannot be an important aetiologic factor. 
Analysis of the mortality and incidence rates reveals that mortality in 
women is lower than in men despite the fact that melanomas are more 
frequently diagnosed in women. This finding was also reported by other 
studies, and indicates sex differences in prognosis.1417 The commonest site of 
melanoma in women (the legs) is more favourable than the commonest site in 
men (the trunk). Moreover, women tend to present at an earlier clinical stage 
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of the disease. However, also after adjustment for localisation and thickness of 
the tumour, the five-year survival rate for women is significantly higher than 
for men.14 An explanation for this finding has not been found yet. It is 
hypothesized that in women oestrogens possibly delay growth and 
dissemination of the tumour,M or that the unfavourable influence of male sex 
on the clinical course of melanoma may be due to androgenic hormones.18 
In this series, PALGA registered more melanomas in women than in men. 
An increased female-to-male ratio of incidence rates was also observed in 
other European countries.17 In Australia frequency of melanoma is similar for 
men and women, whereas in the United States the incidence is higher for 
men." A possible explanation for the differences in female-to-male ratios 
between countries is that in the aetiology of melanoma several risk factors 
play a role, and that in different continents different factors predominate. 
With respect to the estimation of the incidence of cutaneous melanoma 
based on data from PALGA, it must be noted that the age distribution of the 
population covered by PALGA was not known, but it seems unlikely that this 
has affected the validity of the estimates. The probability that the age 
distribution reflects that of the Dutch population is high. In 1986 and 1987 the 
greatest part of all pathology departments was affiliated to PALGA, and these 
departments are localized throughout the entire country. Neering and Cramer 
estimated the number of new cases of melanoma and non-melanoma skin 
cancer in 1986 at 15,000 per year.20 About 8% would consist of patients with 
melanoma, which means 1200 incident melanomas per year. This number is 
rather similar to the number of 1270 estimated in this study. 
Acknowledgements 
We thank Mrs. I.J.A.M.G. Casparie-van Velsen of PALGA for her 
contribution to the realization of this paper. 
21 
REFERENCES 
1. Muir CS, Nectoux J. Time trends: malignant melanoma of skin. In: Magnus K, 
ed. Trends in cancer incidence. Causes and practical implications. Washington: 
Hemisphere Publishing, 1982: 365-85. 
2. Roush GC, Holford TR, Schymura MJ, White С Cancer risk and incidence 
trends. The Connecticut perspective. Washington: Hemisphere, 1987. 
3. 0sterlind A, Moller Jensen O. Trends in incidence of malignant melanoma of 
the skin in Denmark 1943-1982. In: Gallagher RP, ed. Epidemiology of 
malignant melanoma. Recent results in cancer research. Berlijn: Springer-
Verlag, 1986: 8-17. 
4. Venzon DJ, Moolgavkar SH. Cohort analysis of malignant melanoma in five 
countries. Am J Epidemiol 1984; 119: 62-70. 
5. Lee JAH. Melanoma and exposure to sunlight. In: Nathanson N, Gordis C, ed. 
Epidemiologic Reviews. Vol. 4. Baltimore en Londen: John Hopkins University 
Press, 1982: 110-36. 
6. Centraal Bureau voor de Statistiek. Sterfte naar doodsoorzaak, leeftijd en 
geslacht in het ¡aar 1950, 1951 etc. tot en met 1974. 's Gravenhage: 
Staatsuitgeverij, serie Al. 
7. Centraal Bureau voor de Statistiek. Overledenen naar doodsoorzaak, leeftijd en 
geslacht in het jaar 1975, 1976 etc. tot en met 1985. Voorburg: CBS, serie Al. 
8. Sturmans F. Epidemiologie: theorie, methoden en toepassing. 3e ed. Nijmegen: 
Dekker & van de Vegt, 1986. 
9. Everdingen JJE van, Rampen FHJ, Ruiter DJ, Casparie AF. Evaluatie 
consensus melanoom van de huid aan de hand van pathologisch-anatomische 
verslagen. Ned Tijdschr Geneesk 1989; 133: 2285-8. 
10. Roush GC, Schymura MJ, Holford TR. Patterns of invasive melanoma in the 
Connecticut Tumor Registry. Is the long-term increase real? 
Cancer 1988; 61: 2586-95. 
11. Elwood JM, Gallagher RP, Hill GB, et al. Cutaneous melanoma in relation to 
intermittent and constant sun exposure. The Western Melanoma Study. Int J 
Cancer 1985; 35: 427-33. 
12. Holman CD, Armstrong BK, Heenan PJ. Relationship of cutaneous malignant 
melanoma to individual sunlight-exposure habits. J Natl Cancer 
Inst 1986; 76: 403-14. 
13. Rampen FHJ, Fleuren E. Melanoma of the skin is not caused by ultraviolet 
radiation but by a chemical xenobiotic. Medical Hypotheses 1987; 22: 341-6. 
14. Shaw HM, Milton GW, Farago G, McCarthy WH. Endocrine influences on 
survival from malignant melanoma. Cancer 1978; 42: 669-77. 
22 
15. Shaw HM, McGovem VJ, Milton GW, Farago GA, McCarthy WH. Malignant 
melanoma: Influence of site of lesion and age of patient in the female 
superiority in survival. Cancer 1980; 46: 2731-5. 
16. Blois MS, Sagebiel RW, Abarbanel RM, Caldwell TM, Tuttle MS. Malignant 
melanoma of the skin. I. The association of tumor depth and type, and patient 
sex, age, and site with survival. Cancer 1983; 52: 1330-41. 
17. O'Doherty CJ, Prescott RJ, White H, Mclntyre M, Hunter JAA. Sex 
differences in presentation of cutaneous malignant melanoma and in survival 
from stage I disease. Cancer 1986; 58: 788-92. 
18. Rampen FHJ, Mulder JH. Malignant melanoma: an androgen-dependent 
tumour? Lancet 1980; i: 562-5. 
19. Muir С, Waterhouse J, Mack T, Powell J, Whelan S, eds. Cancer incidence in 
five countries. Vol. 5. IARC Scientific Publications No 88. Lyon: International 
Agency for Research on Cancer, 1987. 
20. Neering H, Cramer MJ. Huidkanker in Nederland. Ned Tijdschr Geneeskd 
1988; 132: 1330-3. 
23 

CHAPTER 2 
TRENDS IN MORTALITY FROM MALIGNANT 
CUTANEOUS MELANOMA IN THE NETHERLANDS, 
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F.H.J. Rampen 
H. Straatman 
A.L.M. Verbeek 
European Journal of Cancer 1993; 29A: 107-11 
ABSTRACT 
This paper presents an analysis of trends in mortality from malignant 
melanoma of the skin in The Netherlands, 1950-1988. Statistical analyses 
show that time period effects are needed to describe the mortality trends 
in The Netherlands. Because this contrasts with reports from other 
countries, in which the trends were ascribed to a cohort effect only, 
log-linear models including the three factors age, time period and birth 
cohort, were fitted to the data. To be able to separate time period effects 
from birth cohort effects we assumed a mathematical function for the 
mortality rates in relation to age. The results obtained in this way indicate 
that time period effects increased up to 1970. An increase of birth cohort 
effects is seen for cohorts born between 1900 and 1955. For cohorts born 
after 1955 the mortality from melanoma seems to decrease. The most 
plausible explanation for the time period effect probably is improvement 
in death certification. 
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INTRODUCTION 
A rapid rise of incidence of and mortality from cutaneous malignant melanoma 
is reported from many countries in the world.1 A doubling of incidence 
every 10 to 14 years is observed.2 The increase in mortality is less than the 
rise in incidence. Mortality rates from the United States, England and Wales, 
and Canada studied by Lee, showed an annual increase of about 3 percent.3 
An international comparison of incidence rates (Figure 2.1) shows that the 
Dutch population is at intermediate risk of getting a malignant melanoma of 
the skin.4 Within the European Community The Netherlands belong to the 
countries in which the highest melanoma risk is seen.5 Nationwide data about 
Dutch incidence of cancer over a longer period of time are not available. 
However, mortality data were published from 1950 onwards and can be 
studied for trends. 
FIGURE 2.1 Annual melanoma incidence rate for different countries, 
age-standardized to the world population. Based on data from: 
Muir et al, 1982 
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Time trends can be produced by two mechanisms, a time period effect and/or 
a birth cohort effect. In many countries a so-called age-cohort pattern was 
observed in both sexes. This means that starting with some specific birth 
cohort the mortality is increasing for successive birth cohorts (with a similar 
age profile) rather than for successive time periods. This observation of a birth 
cohort effect supports the idea that the rise of mortality and incidence of 
cutaneous malignant melanoma is real and not the result of better registration 
techniques. 
This paper presents an analysis of the trends in melanoma mortality in The 
Netherlands over the period 1950-1988, using statistical methods described 
below. 
DATA AND METHODS 
Mortality data 
Numbers of persons with malignant melanoma of the skin as underlying cause 
of death from 1950 through 1988 were derived from annual publications of the 
Central Bureau of Statistics (CBS).6 Population information was also available 
from this source.7 The numbers were organised by five-year age groups and 
five-year periods. 
For statistical analysis the mortality rates were arranged in a two- way table 
by five-year age groups and five-year calendar periods (Tables 2.1a and 2.1b). 
Included in the analysis were eight time periods (from 1950-1954 
to 1985-1988) and fourteen age groups (from 15-19 years to 80-84 years). The 
last time period 1985-1988 was truncated to four years, because data on the 
year 1989 were not yet available at the time of analysis. The rates along the 
diagonals in these tables represent an approximation of the age-specific 
mortality rates of birth cohorts. In this way 21 birth cohorts can be 
defined: 1870-1874, 1875-1879 until the cohort 1970-1974. 
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TABLE 2.1a Male age-specific mortality rates per 100,000 in The 
Netherlands by registration period 
1950-54 1955-59 1960-64 1965-69 1970-74 1975-79 1980-84 1985-88 
15-19 
20-24 
25-29 
30-34 
35-39 
40-44 
45^9 
50-54 
55-59 
60-64 
65-69 
70-74 
75-79 
80-84 
0.00 
0.05 
0.10 
0.51 
0.36 
0.37 
0.47 
1.00 
0.97 
1.27 
2.87* 
1.74 
1.09 
2.87 
0.09 
0.15 
0.57 
0.80 
0.69 
0.85 
0.96 
0.90 
1.85 
2.27 
1.54 
2.34 
3.07 
3.20 
0.15 
0.38 
0.51 
0.47 
1.34 
1.33 
0.99 
1.63 
2.10 
1.64 
2.76 
3.67 
3.15 
6.61 
0.14 
0.23 
0.51 
0.90 
1.19 
1.18 
1.35 
2.27 
2.80 
3.30 
3.74 
4.80 
6.14 
4.81 
0.21 
0.34 
0.90 
1.14 
1.29 
2.03 
2.40 
2.60 
3.25 
4.39 
3.51 
4.15 
5.05 
10.10 
0.07 
0.31 
0.63 
1.27 
1.28 
2.61* 
2.38 
2.74 
3.54 
3.74 
3.84 
4.47 
6.80 
6.25 
0.19 
0.22 
0.97 
1.48 
2.45 
2.17 
1.89 
3.81 
5.44 
5.06 
5.42 
4.22 
8.54 
5.83 
0.08 
0.42 
0.88 
1.52 
2.39 
3.34 
4.11 
3.77 
4.07 
5.74 
6.65 
6.67 
7.87 
11.10 
* Cell ommitted in the statistical analyses 
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TABLE 2.1b Female age-specific mortality rates per 100,000 in The Netherlands 
by registration period 
1950-54 1955-59 1960-64 1965 1970-74 1975-79 1980-84 1985-88 
15-19 
20-24 
25-29 
30-34 
35-39 
40-44 
45^9 
50-54 
55-59 
60-64 
65-69 
70-74 
75-79 
80-84 
0.05 
0.20 
0.20 
0.27 
0.46 
0.48 
0.51 
0.87 
0.66 
1.30 
1.83 
2.26 
1.49 
1.48 
0.05 
0.26 
0.26 
0.31 
0.73 
0.53 
1.45 
0.91 
1.26 
1.13 
2.17 
2.55 
2.54 
2.79 
0.00 
0.29 
0.42 
0.47 
0.62 
1.35 
1.54 
1.60 
1.67 
1.70 
2.05 
3.34 
4.90 
5.59 
0.07 
0.32 
0.30 
0.74 
0.68 
1.77 
2.04 
1.98 
2.26 
2.50 
2.41 
3.18 
4.35 
7.09 
0.11 
0.14 
0.45 
0.80 
1.69 
1.21 
1.63 
1.89 
2.58 
2.74 
3.26 
4.02 
5.12 
6.65 
0.00 
0.21 
0.49 
1.82 
1.38 
1.00* 
1.80 
2.18 
3.33 
2.92 
5.12 
4.11 
3.96 
8.17 
0.07 
0.30 
0.63 
1.22 
1.37 
1.92 
1.85 
3.15 
3.25 
3.63 
4.75 
4.48 
6.43 
6.74 
0.08 
0.24 
0.70 
1.23 
1.39 
2.25 
3.07 
2.88 
3.48 
3.56 
4.13 
6.10 
6.80 
7.02 
* Cell omitted in the Statistical analyses 
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Statistical methods 
To estimate the effects of age, time period and birth cohort on trend in 
mortality, a simultaneous analysis of these factors was performed by use of a 
statistical model. A rather simple model is the multiplicative one, where the 
mortality rate for a specific age-period-cohort combination is, apart from 
random fluctuation, described as a product of these three factors 
Y ^ = а,х
р
т
с
 where 
Yipc = mortality rate for age group a, born in period c, as experienced in 
period ρ 
a, = parameters which describe the relationship between age group a 
(= 1,..., 14) and mortality 
π
ρ
 = parameters which describe the relationship between time period ρ 
(= 1,...., 8) and mortality 
r
c
 = parameters which describe the relationship between birth cohort с 
(= 1,...., 21) and mortality. 
Such a model is also called a log-linear model, because by taking the natural 
logarithm on both sides of the equality sign one obtains a linear model: 
log(Y.pc) = log(aJ + log(7Tp) + log(rc) 
Firstly, the age, period and cohort parameters are estimated, which give rise 
to expected mortality rates that are as close as possible to the observed rates in 
Tables 2.1a and 2.1b. Secondly, the discrepancies between observed and 
expected rates are examined to determine, whether the model describes the 
data adequately. The statistical procedure used for estimating the parameters is 
the maximum likelihood method. The software package GLIM was used for 
the computations.8 The statistical analyses are based on the assumption that the 
age-specific number of deaths observed in specific time periods or in specific 
birth cohorts follow a Poisson distribution. 
Goodness of fit of the various models was evaluated by examination of the 
déviances. When the model under consideration is true, the deviance is 
chi-square distributed with the number of degrees of freedom equal to the 
number of cells minus the number of parameters used in the model. If a model 
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gives an adequate description of the observed rates the deviance from the 
model is about equal to or less than the number of degrees of freedom. For a 
more detailed explanation of the log-linear models used we refer to papers of 
Clayton and Schifflers.910 
A serious problem associated with age-period-cohort models is the basic 
lack of identifíability of these models.10 It is not possible to obtain unique 
estimates of the parameters for period and cohort effects, because there are 
many sets of age, period and cohort parameters that describe the data well. 
The problem arises from the dependence between the age at diagnosis, year of 
birth, and year of diagnosis, the first being the difference between the third 
and second. The identifíability problem theoretically disappears by assuming a 
mathematical function for the age curve.10 One mathematical function that can 
be chosen is, that mortality rates are proportional to a power of age so that the 
rates on the multiplicative scale are expressed as 
Y** = a^TTpT, 
where a,,, = the midpoint of the age group a and к is the power exponent. 
The logarithms of the rates can be expressed as 
logtY.pe) = к log(aJ + log(7rp) + log(rc) 
Because of the assumption that the log mortality rate is linearly related to the 
logarithm of the midpoint of the age group, the models include only one 
parameter for age. i.e. k. In this paper we will refer to these models as the 
restricted models. In case of an adequate fit of these restricted models on the 
data, the mortality rates for birth cohorts relative to a reference cohort and the 
mortality rates for time periods relative to a reference period are identifiable. 
RESULTS 
In 1950 ten male and ten female cases were registered with melanoma of the 
skin as underlying cause of death. In 1988 these numbers had increased up 
to 164 for men and 177 for women. Between 1950 and 1988 the annual 
age-standardised death rates have increased about fourfold; from 0.41 to 1.89 
per 100,000 for males and from 0.39 to 1.38 for females (Figure 2.2). The 
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mortality rates were age-standardised to the World Population by the direct 
method.4 
The statistical analyses comprised the ages 15-84 and the period 1950-1988. 
Because the total set of male mortality data was not fitted well by any of the 
models and even the deviance of the age-period-cohort model was fairly large, 
the cells with the largest standardised residuals in the age-period-cohort model 
were omitted. For men these cells represented age group 65-69 years in 
period 1950-1954 and age group 40-44 years in period 1975-1979 
(Table 2.1a). For women, the cell representing age group 30-34 years in time 
period 1975-1979 was considered an outlier (Table 2.1b). 
The results are summarised in Table 2.2, which presents the fit of various 
models to the data after omission of the cells which were considered as 
outliers. For both sexes the models with a time period effect gave a better fit 
than the models with a birth cohort effect. For men the best model is that with 
both a time period and a birth cohort effect. For women this full model was 
not really superior to the age-period model. 
TABLE 2.2 Goodness of fit, as expressed by déviances in relation to the 
corresponding degrees of freedom, of log-linear models 
logfTapJ = logfaj + logfrj + log(rJ 
Factors included in the 
model 
Age 
Age + period 
Age + cohort 
Age + period + cohort 
Men 
Deviance 
604.3 
101.3 
102.2 
69.6 
Df ρ 
96 0.00 
89 0.18 
76 0.02 
70 0.49 
Women 
Deviance 
401.9 
92.1 
89.9 
70.1 
Df 
97 
90 
77 
71 
Ρ 
0.00 
0.42 
0.15 
0.48 
Table 2.3 presents the déviances and degrees of freedom for the restricted 
models, i.e. the models assuming a mathematical function for the age curve. It 
can be seen that the restricted age-period-cohort models still gave an adequate 
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fit for both sexes. The best fitting slope k, i.e. power exponent, was 2.99 for 
men and 3.02 for women. 
The, now identifiable, relative rates associated with successive time periods 
and birth cohorts, are presented in Figures 2.3 and 2.4, respectively. For 
calculation of relative rates for birth cohorts the estimate for the cohort born 
in the period 1920-1925 was used as reference, because this is one of the 
cohorts with most complete data. A continuous increase of cohort effects is 
seen for cohorts born between 1900 and 1955. For cohorts born after 1955 the 
relative rates of dying from cutaneous melanoma decrease. The strongest 
increase of period effects is seen up to 1965 for women and up to 1970 for 
men. Thereafter it levels off. 
TABLE 2.3 Goodness of fit, as expressed by déviances in relation to the 
corresponding degrees of freedom of log-linear models 
log (YapJ = к logfAJ + bgfr,) + IO8(TJ 
Men Women 
Factors included in the Deviance Df ρ Deviance Df ρ 
model 
Log(age) 
Log(age) + period 
Log(age) + cohort 
Log(age) + period + 
cohort 
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655.3 108 0.00 
153.8 101 0.01 
130.0 88 0.00 
88.1 81 0.28 
442.3 109 0.00 
134.9 102 0.02 
121.9 89 0.01 
95.9 82 0.14 
FIGURE 2.2 Age-standardised (world population) mortality of cutaneous 
malignant melanoma per 100,000 population in The Netherlands, 1950-1988 
Mortality rate (per 100,000) 
1950 1960 1970 
Time period 
1980 1990 
FIGURE 2.3 Mortality rates for successive calendar periods for both sexes 
relative to time period 1950-1955. From models: logfY^J = к logfaj + 
logi-Kp) + logfrj 
Relative rate 
1950 1960 1970 
Time period 
1980 1990 
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FIGURE 2.4 Mortality rates for succesive birth cohorts for both sexes relative 
to birth cohort 1920-1925. From models: logfï^J = к logfaj + logfir^ + 
logfrj 
Relative rate 
3 i 1 
1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 
Birth cohort 
FIGURE 2.5 Age-effects for men and women expressed as natural logarithms 
and plotted against the logarithms of the midponts of age groups. The age 
effects were derived from age-period-cohort models logfY^J = logfaj + 
logfrp) + log(rJ 
Log age-effect 
Log midpoint age group 
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DISCUSSION 
A review of other trend studies on mortality from cutaneous malignant 
melanoma revealed that in many countries trends with time are best described 
by an age and birth cohort effect. In 1970 Lee et al already noted from 
mortality data for the United States and for England and Wales that the 
increasing trends in deaths due to malignant cutaneous melanoma were 
compatible with a generation effect beginning with those born around the turn 
of the century." The observation of a birth cohort effect led to the conclusion 
that it is unlikely that a systematic improvement in death certification is 
responsible for this rise." This observation was confirmed by analyses of 
melanoma mortality rates in other countries.2,12"14 
By contrast, the results in the present study indicated, that models 
containing only age and cohort effects did not fit the Dutch mortality data. 
Period effects were needed to describe the trend in mortality rates in The 
Netherlands. 
The age-period-cohort models for which we assumed a mathematical 
function for the age curve have the advantage that time period effects can be 
separated from birth cohort effects. Figure 2.3 shows that the effects of time 
period on mortality rates were largest up to 1970. Figure 2.4 suggests that the 
first birth cohorts which experienced increased exposure to the etiologic 
agent(s) were born at the beginning of this century. The continuous increase in 
cohort trend between 1900 and 1955 indicates that during this period the 
etiologic agent(s) became more widely distributed or that a change in life-style 
resulted in a greater probability to get exposed. The relative rates of dying 
from malignant melanoma seem to decrease for cohorts born after 1955. It 
must be noted that the estimates for the youngest cohorts are not as reliable as 
those for the more central cohorts. They are based on fewer cells and lower 
numbers of deaths and therefore are unstable. Definite conclusions cannot be 
based on these estimates. However, decreasing trend in melanoma mortality 
for younger birth cohorts was recently described for whites in the United 
States.13 
Period effects represent influences which affect the mortality rates in all age 
groups simultaneously. Period factors, which would increase reported 
mortality, are a) changes in ICD-classifications, b) improved death 
certification, e.g. transfer of deaths from non-melanoma skin cancers and/or 
organs to which the melanomas have metastasized, c) changes in 
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histopathological criteria and d) increasing exposure of all age groups to an 
etiologic factor acting with a short latency period. Improvement in survival 
rates due to better therapy or detection of the disease in an earlier stage would 
lead to decreasing period effects. 
Although four different International Classifications of Diseases were used 
during the period 1950-1988 (from ICD-6 to ICD-9), this cannot explain the 
increase in period trend, because there were no relevant changes in definition 
of melanoma of the skin. In The Netherlands there are no data available to 
verify to which extent improved death certification has contributed to the rise 
in recorded mortality due to melanoma. However, Roush reported evidence 
that improvement in melanoma classification on death certificates occurred in 
the United States. In 1947, only 55% of the persons dying from skin cancer 
were correctly coded to the skin on the death certificate, whereas by 1970 
through 1971, 88% of melanomas were correctly coded as cause of death.16 
Changes in histopathological criteria for the diagnosis of malignant melanoma, 
with a tendency to include borderline lesions previously diagnosed as benign, 
could cause an apparent rise in incidence rates, but cannot have a material 
impact on mortality rates because of the excellent prognosis of these lesions. 
Moreover, review of pigmented lesions in some studies revealed that only 
very few lesions classified as benign some decades ago are classified as 
malignant nowadays.16"19 Because the cohort effect suggests an etiologic agent 
with a long latency period, the explanation that a causal factor with a short 
latency period increased mortality in all age groups simultaneously, seems a 
very unlikely explanation for the increasing period effects. So, the most 
plausible explanation for the increase in period trend appears to be an 
improvement in certification of deaths due to melanoma. This would imply 
that part of the rise in recorded mortality is artefactual. For women the 
increase in period trend levels off after 1965 and for men, although less 
pronounced, after 1970. This might indicate that, like in the United States,16 
the quality of death certification was rather good by that time and that further 
improvement affected recorded mortality rates to a lesser extent. 
To cope with the identifiability problem an assumption was made about the 
form of the age curve. This assumption was based on a report of Doll, who 
observed that for several types of cancer incidence rates were proportional to 
the power of age.20 Whether this assumption was acceptable with respect to 
the melanoma mortality rates observed in this study, was visually examined. 
In Figure 2.5 the age effects, which were derived from the age-period-cohort 
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models in Table 2.2, were plotted against the logarithms of the midpoints of 
age groups. As can be seen the curves are approximately straight lines 
indicating a linear trend. Furthermore, the assumption was confirmed by the 
age curves observed by Venzon et al,12 who analyzed melanoma mortality 
trends of five different populations. They found that two age curves, one for 
men and one for women, sufficed for all five populations studied. After 
plotting the age effects against age group midpoints, both on logarithmic 
scales, the curves were close to straight lines. The slopes for these age curves 
were 3.41 and 2.96 for men and women, respectively, and similar to those 
found for Dutch men (2.99) and women (3.02) in our study. Based on these 
observations it seems unlikely that the assumption about the age profile was 
arbitrary. 
In conclusion, the observation that a time period effect was needed to 
describe the trend in melanoma mortality in The Netherlands suggests that part 
of the increase in recorded mortality from cutaneous melanoma is artefactual. 
An improvement in melanoma death certification may be the reason. Another 
part was explained by a birth cohort which indicates an increased exposure of 
more recent birth cohorts to an etiologic agent with a long latency period. 
Among birth cohorts born after 1955 mortality rates seem to decrease. 
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PART 2 
REVIEWS AND HYPOTHESES 

CHAPTER 3 
IN ADDITION TO THE CONTROVERSY ON SUNLIGHT EXPOSURE 
AND MELANOMA RISK: A META-ANALYTIC APPROACH 
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ABSTRACT 
Case-control studies of the association between sunlight exposure and 
melanoma risk show considerable differences in design aspects that could 
be responsible for variation in study results. In an attempt to resolve the 
controversy between study results, the results from 25 publications on 
case-control studies were evaluated by use of meta-analytic techniques. 
Comparison of odds ratios between subgroups of studies suggested that 
studies, which excluded lentigo maligna melanoma and/or applied some 
blinding strategy to reduce recall bias, yielded lower odds ratios than the 
remaining studies. Furthermore, the range of observed odds ratios was far 
greater for hospital based than for population based studies. For the latter 
type of studies the odds ratios were homogeneous and the pooled odds 
ratios were: 1.57 (95% CI: 1.29-1.91) for intermittent sunlight exposure 
and 0.73 (95% CI: 0.60-0.89) for chronic exposure. However, among other 
problems the lack of standardization of measures for sunlight exposure 
warrant cautious interpretation of these results. It is concluded that the 
evidence for the intermittent sunlight theory is not yet complete. 
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INTRODUCTION 
The incidence of cutaneous melanoma has risen dramatically over the last 
decades. Sunlight exposure is now suspected to be an important risk factor. 
However, the results from epidemiological studies are inconsistent.1M If there 
exists a relationship between sunlight exposure and melanoma risk, it is not a 
straightforward one. Melanoma risk does not simply increase with increasing 
amount of accumulated exposure to ultraviolet radiation. This is illustrated by 
the fact that the incidence of melanoma is higher among indoor than among 
outdoor workers and that melanoma does not predominantly occur on body 
sites that are most exposed to the sun.26,27 To explain these paradoxical 
observations the 'intermittent sunlight hypothesis' was put forward: especially 
short bursts of intense exposure to sunlight increase the risk of melanoma, 
while more regular, chronic exposure has a neutral or even protective effect.28 
In the last decade more than 20 case-control studies of the relation between 
cutaneous melanoma and sunlight exposure have been published. Curiously, 
these studies showed striking differences with respect to histologic types of 
melanoma that were included for study, the way in which sunlight exposure 
was measured, baseline and exposure categories that were used, and other 
important methodologie issues that can be responsible for biased results. 
Because of these differences it is very difficult to get insight in the strength 
and exact nature of the relation between sunlight exposure and melanoma risk. 
Even the critical question which pattern of sunlight exposure, intermittent or 
total accumulated exposure to the sun,29 is important remains difficult to 
answer. 
Previous reviews of these case-control studies were mostly narrative in the 
way of style.29"32 We think that a more systematic way of assessing 
information from independent studies is possible with meta-analytic 
techniques. We do not refer to meta-analysis merely as a statistical analysis 
which combines or integrates the results of independent studies. For this 
stringent conditions must be met.33 Non-experimental studies, such as 
case-control studies do not allow for the assumption, that the variation in study 
results is solely attributable to statistical sampling error. It is very unlikely that 
this so-called homogeneity assumption is fulfilled. Part of the variation in the 
odds ratios is likely to result from differences in definition and measurement 
of disease and exposure, in study population, and in the potential for biases 
such as selection, information and confounding bias. Therefore, we prefer to 
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think of a meta-analysis as any 'structured and systematic qualitative and/or 
quantitative integration of results from independent studies'.34 According to 
this definition an important function of a meta-analysis can be exploring the 
sources of variation in study results,35 of which statistical sampling error is 
only one. A systematic evaluation of differences in odds ratios as a function of 
differences in design aspects and study size can help to resolve controversy 
when study results disagree. 
METHODOLOGICAL PITFALLS 
Several important implications of the intermittent sunlight hypothesis and 
methodologie problems that are relevant when studying this theory in 
case-control studies will be briefly discussed. 
The model underlying the intermittent sunlight exposure hypothesis implies 
that ultraviolet radiation leads to an increase of melanoma risk if the skin is 
not yet accustomed to the sun. Gradual tanning of the skin by more regular 
exposure gives protection against sunlight. Because higher frequency of sun 
exposure results in more protection, the dose-response relation between 
frequency of sunlight exposure and melanoma risk is not linear. Beyond a 
certain peak the risk may actually decline as exposure to sunlight further 
increases.14 The transition from an increasing dose-response relationship to a 
decreasing one depends on the individual pigmentary response. In persons 
with a fair skin complexion, a reduction in risk may not occur at all. This 
hypothetical dose-response curve implies that the relative risk associated with 
sunlight exposure is modified by background rates of exposure and individual 
pigmentation characteristics.14 
There are several methodologie problems that may lead to bias of the 
studied association between sunlight exposure and melanoma risk. 
Histologic types of melanoma. Cutaneous melanoma has four subtypes: 
superficial spreading melanoma, nodular melanoma, lentigo maligna melanoma 
and acrai lentiginous melanoma.36 Superficial spreading melanoma and nodular 
melanoma, together accounting for about 85% of all melanomas, are the only 
histologic types relevant to the intermittent sun exposure hypothesis. Lentigo 
maligna melanoma (about 10% of all melanomas) and acrolentiginous 
melanoma (about 5% of melanomas in whites) are considered to have a 
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different etiology. Because lentigo maligna melanoma is associated with total 
accumulated sun exposure,37 including this melanoma type could result in 
overestimation of relative risk. 
Measurement of sunlight exposure. The intermittent sunlight hypothesis implies 
that different patterns of sunlight exposure have different effects on melanoma 
risk. Therefore, it is important to classify studies according to type of sunlight 
exposure that was measured. In general, recreational activities, such as 
sunbathing and watersporting, and vacations to sunny resorts are considered as 
indicators of intermittent sunlight exposure, while occupational exposure to the 
sun is supposed to be more regular (chronic). Total accumulated exposure is a 
sum of both types of exposure. Several case-control studies also assessed the 
effect of biologic responses to sunlight, such as sunburns as measure for 
intermittent exposure. 
Country where the study was performed. Whether or not recreational exposure 
to the sun is intermittent will depend on the background level of exposure.14 If 
the background is high recreational exposure will simply add to an exposure 
that is already approaching a continuous pattern. One of the determinants of 
background exposure is latitude. It is possible that the effect of intermittent 
sunlight exposure can best be studied in populations living at higher 
latitudes.14·18 
Induction period. An adequate definition of exposure must account for the 
right induction period. Conflicting results have been reported with respect to 
the induction period for cutaneous melanoma. Migrant studies and several 
case-control studies indicate that childhood exposures play a crucial role,37"39 
but other studies point to shorter induction periods.4,40 The risk estimates of 
studies are expected to vary according to the period in which sunlight 
exposure was measured. Studies with an inappropriate assumption about the 
timing of etiologically relevant sunlight exposure are expected to give too low 
odds ratios due to nondifferential misclassification of exposure.41 
Recall bias. Errors in measurement of exposure which are systematically 
different across the compared groups occur when patients with melanoma are 
more likely to report sun exposure, because they or the interviewers consider 
it to be related to their disease. Recall bias results in spurious positive 
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associations.42 It can be reduced by blinding procedures, such as keeping the 
subjects and the interviewers unaware of the hypothesis under study or 
keeping the interviewer unaware of the case-control status of the respondent.43 
Skin complexion. The presence of constitutional factors which increase 
sensitivity of the skin to sunlight is another important risk indicator for 
cutaneous melanoma. Patients with melanoma more frequently have red or 
blond hair, blue eyes and a light skin color; they burn more easily and tan 
more poorly than control subjects.44 If increased sensitivity of the skin to 
sunlight results in the tendency to avoid sunlight exposure, not controlling for 
this host factor leads to underestimation of relative risk. If the light skin 
complexion of melanoma patients leads to sunseeking behavior, lack of control 
for this factor results in overestimation of the effect of sunlight exposure. 
Number of nevi. A high number of nevi is associated both with increased 
sensitivity of the skin to sunlight13,45,4* and with melanoma risk.47 How this 
risk factor must be managed in the study design depends heavily on the model 
about causal mechanisms one has in mind. On the one hand, number of nevi 
can be regarded as a potential confounder. On the other hand, if nevi are 
precursors of melanoma which are caused by sunlight, they lie in the 
cause-effect chain, and control for number of nevi will introduce bias toward 
null.29 
Study population. In so-called hospital based studies it is more difficult to 
ensure comparability of the patient and control groups. Differential loss as a 
result of unknown referral patterns cannot easily be overcome.4* If referral 
pattern is associated with sun exposure habits and referral patterns are 
different for cases and controls, the risk estimates will be affected by selection 
bias. The extent and direction of the resulting bias is unpredictable. 
Furthermore, to get an unbiased estimate of relative risk it is important that 
the conditions of the control patients are not related to past sunlight exposure. 
In population-based studies, selection of an appropriate control group is 
relatively easy. 
These methodologie issues were outlined beforehand, because theoretically 
these issues are potential sources for variation in study results. 
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MATEMAL AND METHODS 
A search was conducted on studies of risk factors for cutaneous melanoma. 
An online search on MEDLINE for the years up to 1990 produced several 
original articles and reviews. Additional studies were traced through the 
references listed in reviews. 
Included for review were all studies which assessed risk factors for cutaneous 
melanoma on the individual level; employed a case-control design; were 
published in the period 1979-1990; and were written in the English language. 
The data derived from each study concerned: 
- inclusion or exclusion of specific melanoma types; 
- type(s) of sunlight exposure studied; 
- measures of chronic and intermittent sun exposure used; 
- country where the study was performed; 
- period of sun exposure considered relevant; 
- blinding procedures; 
- control for other risk factors; 
- type of base population; 
- type of controls; 
- numbers of cases and controls; 
- methods of analysis; 
- effect estimates (odds ratios) and corresponding measures of precision 
according to specific type(s) of sun exposure. 
If available, odds ratios adjusted for multiple risk factors (including 
constitutional factors) were preferred for meta-analysis. Some studies did not 
present odds ratios; if these studies reported proportions of exposed cases and 
controls, the crude odds ratios based on these data were calculated. The odds 
ratios selected for meta-analysis were those that compared the highest 
categories of sunlight exposure to the lowest categories. 
In so-called funnel plots logarithms of the odds ratios on the vertical axis 
were plotted against the corresponding standard errors on the horizontal axis.33 
Smaller standard errrors correspond with increasing precision. Funnel plots 
show the variation in study results according to study size. If all studies come 
from a single underlying population, the graphs should look like a funnel with 
the odds ratios homing in on the true underlying value as precision increases. 
As the odds ratios become less precise, i.e. have larger standard errors, the 
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scattering around the true value becomes larger. Gaps in the funnel plot can 
also indicate potential missing studies.35 
Graphical displays were also used to assess whether the odds ratios of 
studies, which by methodology were susceptible to a specific bias, differed 
systematically from the odds ratios of studies designed in such a way to 
prevent that specific pitfall. 
Because of the hypothesized differences in effect of intermittent and chronic 
sunlight exposure, analyses were performed separately for both types of 
exposure. 
Statistical analysis 
An important prerequisite for computation of a pooled odds ratio is that the 
odds ratios derived from the reviewed studies represent one underlying 'true' 
value, i.e. the variation in results is only due to statistical sampling error. This 
so-called homogeneity assumption must be tested by use of a homogeneity 
test, which is given by 
X2 = Σ w (log OR-B)2 
The log OR for each study is the logarithm of the odds ratio which was given 
by that study. В is the weighted average of the odds ratios from all studies. If 
the studies are estimating the same effect, this test statistic has a chi-squared 
distribution with degrees of freedom (df) one less than the number of studies.49 
According to a rule of thumb, the homogeneity assumption holds if X2 is not 
greater than the number of degrees of freedom. If the homogeneity assumption 
does not hold, pooled odds ratios cannot be calculated. 
For calculation of pooled odds ratios the odds ratios were transformed to 
their natural logarithms (log OR), and the standard errors (SE) of these log 
odds ratios were used to weigh the studies according to precision of the odds 
ratios. The weights are given by w = 1/SE2, where SE stands for the standard 
error of the log odds ratio.49 The weighted average of study results, B, is the 
weighted sum of log odds ratios, Σ w (log OR), divided by the sum of 
weights, Σ w.49 
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RESULTS 
The studies published between 1979 and 1990, measures of intermittent and 
chronic sun exposure which were used by these studies, and the corresponding 
odds ratios are summarized in Table 3.1.123 Exposure to sunlight during 
leisure time activities, vacations in sunny areas and use of sunbeds were 
regarded as indicators of intermittent sun exposure. Occupational or 
cumulative hours of exposure to sunlight were used as indicators of chronic 
exposure. The analyses with respect to intermittent sun exposure were based 
on 16 studies; analyses of the effect of chronic sun exposure included the risk 
estimates of 15 studies (Table 3.1). 
In several studies history of sunburns was also regarded as a measure of 
intermittent exposure to sunlight. The associated odds ratios are presented 
separately in Table 3.2. Odds ratios with corresponding 95% confidence 
intervals could be derived from 12 studies. 
Study characteristics of the studies, which were included for meta-analysis, 
are summarized in Table 3.3. 
Results from graphical methods 
In most studies the log odds ratios for intermittent sun exposure are positive 
(Figure 3.1). The log odds ratios of the more precise studies vary around the 
value 0.5, which is equivalent to an odds ratio of 1.6. Figure 3.2 shows that 
for chronic exposure both positive and negative odds ratios were reported. 
With respect to positive sunburn history most log odds ratios are positive with 
exception of those reported by Holman et al14 and Cristofilini et al16 
(Figure 3.3). 
Because the included studies varied in methodology and study populations, 
exploring whether these differences are sources of variation in study results, is 
an important function of a meta-analysis. Figure 3.4 presents the results for 
those design aspects that showed the strongest systematic differences in odds 
ratios for intermittent sunlight exposure. Studies which excluded lentigo 
maligna melanoma showed lower estimates of melanoma risk. Studies which 
paid attention to blinding of subjects and/or interviewers yielded lower odds 
ratios than studies without blinding procedures. Control for nevi as a 
confounder increased risk estimates. The results from population-based studies 
clustered around one value, while hospital-based studies showed a greater 
diversity of results. The other variations in study design, such as length of 
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induction time and control for constitutional risk factors did not appear to be 
associated with systematic increases or decreases of relative risks. Odds ratios 
did not increase with increasing latitude of the region where the study was 
performed. 
Subgroup analysis 
Within the group of population-based studies the results clustered around one 
value (Figure 3.4). The homogeneity test on risk estimates for intermittent sun 
exposure derived from the seven population-based studies yielded a X2 = 
0.43. Far greater variation in results was observed among the group of nine 
hospital-based studies (X2 = 48.80). For chronic sun exposure measures the 
X2 statistics were 6.12 and 30.17 for the population-based and hospital-based 
studies, respectively. 
Calculation of pooled odds ratios based on population-based studies resulted 
in a pooled odds ratio of 1.57 with a 95% confidence interval ranging from 
1.29 to 1.91 for intermittent exposure and in an odds ratio of 0.73 (0.60-0.89) 
for chronic sunlight exposure. 
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TABLE 3.1 Odds ratios and 95% confidence intervals for measures of intermittent and chronic sunlight exposure from 25 
reviewed publications on case-control studies 
Ref. First Year of Measure of interminent 
author publication sun exposure 
Odds ratio 
(95% CI)* 
Measure of chronic 
sun exposure 
Odds ratio 
(95% CI)* 
1 Klepp 1979 holidays in Southern 2.36(1.04-5.38) 
Europe: yes vs no 
2 Adam 1981 deliberate tanning of 1.58(1.01-2.49) 
trunk: yes vs no 
3 Beral 1982 various measures of no consistent relation 
recreational sun exposure 
4 MacKie 1982 recreational: > 16 vs 0.44(0.21-0.91) 
< 16 hrs/week 
5 Lew 1983 vacations in sunny 1.79(0.99-3.22) 
places: > 0 days vs 0 
days 
6 Rigel 1983 recreation: outdoor vs 2.41 (0.82-5.28) 
indoor 
7,10,13 Green 1984-1986 recreation on the beach: 1.30(0.39-4.29) 
5000+ vs 0 
hours/lifetime 
outdoor occupation: 3+ 1.45(0.65-3.23) 
hrs daily vs less 
work time spent 
outdoors 
no difference 
work outdoors: ever vs 0.93 (0.55-1.61) 
never 
occupational: 16+vs 0.52(0.23-1.16) 
< 16 hrs/week 
not given not given 
occupation location: rest 0.83 (?) 
vs fully indoors 
cumulative hrs of 1.70(0.38-7.54) 
exposure: 50,000+ vs 
<2000/lifetime 
11 
12 
14 
15 
Graham 
Sorahan 
Elwood 
Holman 
Bell 
1985 
1985 
1985 
1986 
1986 
1987 
16 
17 
18 
19 
Cristofilini 
Holly 
0sterlind 
Swerdlow 
1987 
1987 
1988 
1988 
swimming+beach 
activities: 8+ vs О 
hrs/week 
vacations in southern 
regions: yes vs no 
1.70(1.08-2.67) 
no relation 
occupational, summer: 0.90(0.57-1.41) 
16+ vs < 16 hrs/week 
holidays abroad in hot not significant 
climate: yes vs no 
use of sunlamps: ever vs 1.30 (0.56-3.01) 
never 
ROEP«: > 60%vs0- 1.57,(0.87-2.82) 
29% 
frequent sunbathing: yes 0.84 (0.64-1.11) 
vs no 
not given not given 
sunbathing: number of no difference 
times per year 
sunbathing: at some time 1.60 (1.08-2.37) 
vs never 
use of sunbeds: ever vs 4.22 (0.81-21.9) 
never 
average annual hours**: 
3200+ vs < 1600 
hrs/yr 
occupation type: 
outdoor vs indoor 
occupational exposure: 
ever vs never outdoor 
outdoor work in 
summer 
occupation: outdoor vs 
indoor 
main occupation: 
outdoor vs indoor 
exposure to sunlight 
while at work 
working outside in 
summer 
not given 
0.38(0.19-0.75) 
not significant 
0.70(0.27-1.82) 
0.41 (0.22-0.77) 
1.31 (0.99-2.27) 
1.65(0.93-2.92) 
no difference 
0.70 (0.52-0.93) 
not given 
20 
21 
22 
23 
24 
25 
Dubin 
Garbe 
Weinstock 
Beitner 
Grob 
Walter 
1989 
1989 
1989 
1990 
1990 
1990 
recreation type: mostly 
outdoors vs mostly 
indoors 
free time sun exposure 
not given 
no. of sunbaths 
April-Sept: > 30 vs 
< 20 per year 
leisure sun exposure: 
> 60 SU vs 0 SU' 
use of sunbeds: ever vs 
never 
1.54(1.00-2.37) 
no significant 
association 
not given 
1.80(1.22-2.67) 
8.41 (3.63-19.6) 
1.54(0.96-2.46) 
occupation type: mostly 
out- vs mostly indoors 
occupational sun 
exposure 
not given 
outdoor workers 
outdoor occupation: 
ever vs never 
not given 
1.77(0.83-3.78) 
11.6(2.10-64.1) 
not given 
0.60 (0.38-0.94) 
0.83(0.55-1.25) 
not given 
* C/ = confidence interval 
** Average annual hours = total hours of sun exposure accumulated through life divided by age 
1
 ROEP=recreational outdoor exposure proportion=recreational exposure as proportion of total outdoor exposure 
1
 Odds ratio for superficial spreading melanoma (SSM) 
* SU: sun exposure unit = days with at least 2 hrs of direct sun exposure 
TABLE 3.2 Odds ratios (adjusted for age) and 95'% confidence intervals for 
sunburn history from 13 reviewed publications on case-control 
studies 
Ref. First Year of Odds ratio Adjusted for Adjusted for 
author publication (95 % CI)* host factors sun exposure 
4 
5 
10 
11 
12 
14 
16 
17 
18 
20 
22 
24 
47 
MacKie 
Lew 
Green 
Sorahan 
Elwood 
Holman 
Cristofilini 
Holly 
0sterlind 
Dubin 
Weinstock 
Grob 
Elwood 
1982 
1983 
1985 
1985 
1986 
1986 
1987 
1987 
1988 
1989 
1989 
1990 
1985 
3.67 (1.99-6.75) 
2.05(1.18-3.56)** 
2.40(1.00-6.10) 
4.0 (not given) 
1.50 (0.70-3.50) 
0.98 (0.53-1.82)** 
0.68 (0.28-1.47) 
3.80 (1.40-10.4) 
2.40(1.60-3.60)** 
1.90(1.20-3.10)** 
1.61 (1.04-2.56) 
0.89 (not given) 
2.20(1.20-3.80)** 
1.71 (0.63-4.63) 
1.8 (1.11-2.86) 
1.4 (not given) 
+ 
? 
adj. for nevi 
+ · 
+ · 
+ · 
+ 
+ 
+ 
+ 
-
+ 
+« 
+ 
? 
-
-
-
-
+ 
-
-
-
-
-
-
* CI = confidence interval 
** Sunburns during adolescence or early adulthood (at ages 15-24 years) 
' Including tendency to burn 
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TABLE 3.3 Study characteristics of the studies included for meta-analysis. The studies ofSorahan (11) and Holly (17) could 
not be included, because odds ratios were not presented. Weinstock (22) only presented odds ratios for 
sunburns 
Ref. First author LMM* Induction Blinding Control for Control for Base Country 
incl. period host factors nevus number population (latitude') 
1 
2 
3 
4 
5 
6 
7,10,13 
8 
9 
12 
14 
15 
16 
18 
Klepp 
Adam 
Beral 
MacKie 
Lew 
Rigel 
Green 
Elwood 
Graham 
Elwood 
Holman 
Bell 
Cristofilini 
0sterlind 
+ 
+ 
+ 
-
+ 
+ 
-
-
+ 
+ 
-
-
+ 
_ 
short 
short 
short 
short 
childhood 
short 
short 
short 
short 
short 
ages 15-24 
short 
short 
short 
-
-
-
+ 
-
-
-
+ 
-
-
+ 
-
+ 
+ 
-
-
-
-
-
-
+ 
-
-
-
-
-
+ 
+ 
hospital 
population 
population 
hospital 
hospital 
hospital 
population 
population 
hospital 
population 
population 
hospital 
hospital 
population 
Norway (65) 
U.K. (50) 
Australia (28) 
Scotland (55) 
U.S.A. (43) 
U.S.A. (43) 
Australia (20) 
Canada (55) 
U.S.A. (43) 
U.K. (52) 
Australia (25) 
U.K. (50) 
Italia (45) 
Denmark (56) 
19 
20 
21 
23 
24 
25 
Swerdlow 
Dub i η 
Garbe 
Beitner 
Grob 
Walter 
+ 
+ 
+ 
+ 
-
+ 
> 
> 
5 yrs bd** 
short 
short 
short 
short 
5 yrs bd** 
+ 
.1 
+ 
+ 
+ 
hospital 
hospital 
hospital 
hospital 
hospital 
population 
Scotland (56) 
U.S.A. (43) 
W.Germany (53) 
Sweden (60) 
France (45) 
Canada (42) 
* LMM = Lentigo maligna melanoma 
** > 5 yrs bd = more than 5 years before diagnosis 
* results were presented separately for susceptibility subgroups indicated by tanning ability 
FIGURE 3.1 The natural logarithms of the odäs ratios (log OR) for intermittent sunlight exposure 
plotted against the corresponding standard errors of the log OR. The values are indicated with the 
reference number of the publication from which they were derived 
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FIGURE 3.2 The natural logarithms of the odds ratios (log OR) for chronic sunlight exposure 
plotted against the corresponding standard errors of the log OR. The values are indicated with the 
reference number of the publication from which they were derived. A funnel plot is not indicated, 
because the odds ratios were not homogeneous 
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FIGURE 3.3 The natural logarithms of the odds ratios (log OR) for sunburn history plotted 
against the corresponding standard errors of the log OR. The values are indicated with the 
reference number of the publication from which they were derived. A funnel plot is not indicated, 
because the odds ratios were not homogeneous 
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FIGURE 3.4 The natural logarithms of the odds ratios (log OR) for intermittent sunlight exposure 
in relation to methodology of the studies from which the odds ratios were derived 
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DISCUSSION 
Meta-analytic techniques were used to summarize the results from 25 
publications on case-control studies of the role of sunlight exposure in 
melanoma risk. Funnel plots show the variation in results according to study 
size. Variation in study results according to differences in study design was 
also assessed. Herefore, studies were classified according to methodologie 
issues that could be responsible for differences in odds ratios and that were 
outlined beforehand. This qualitative analysis suggested that exclusion of 
lentigo maligna melanoma from the study and/or attention to blinding of 
subjects and/or interviewers results in lower odds ratios. Control for nevi as a 
confounder increased risk estimates. This finding is not in accordance with the 
theory that nevi are intermediates in the cause-effect chain. The most obvious 
difference in results was observed between population and hospital based 
studies. The diversity in odds ratios was far greater for hospital based than for 
population based studies. For the latter type of studies the odds ratios were 
homogeneous. The pooled odds ratio from the population based studies was 
1.57 for intermittent sunlight exposure and 0.73 for chronic sunlight exposure. 
Although these results seem to support the intermittent sunlight hypothesis, 
caution with the interpretation is warranted. 
Fleiss and Gross mentioned several questions that must be addressed in 
applications of meta-analysis to epidemiological studies.33 
1. Are all studies to be included, or only the published ones? 
2. Are all published studies to be included, or only the "good" ones? 
3. When the study results are heterogeneous, how may they be included, or 
should they be meta-analyzed at all? 
4. Has proper control or adjustment been made for biases that frequently 
occur in epidemiological studies? 
We decided to include only published studies. A problem with this approach is 
that because of publication bias and "the file drawer phenomenon" studies with 
negative results are less likely to be published or submitted,30 and will 
therefore be underrepresented in a meta-analysis of published studies. Funnel 
plots can help to identify publication bias.33 Bias due to omission of 
small-sample studies with non-significant small effects would show up in 
Figure 3.1 in the form of a bite out of the funnel where it approaches zero.33 
However, the funnel plot includes two studies with larger standard errors and 
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non-significant results12,13 suggesting that with respect to the effect of 
intermittent sunlight exposure, publication bias may be limited. In Figure 3.2, 
the middle of the funnel plot appears hollow indicating that studies reporting 
no effect of chronic sunlight exposure on melanoma risk may be 
underrepresented in the published literature. Therefore, the weighted average 
for chronic exposure from population-based studies of 0.73 may be biased. 
In answer to the second question whether to include all studies or only the 
"good" ones, we decided to include all studies, which presented one or more 
odds ratios with some corresponding measure of precision, irrespective of 
quality. At present there are no generally accepted methods for measuring the 
quality of non-experimental studies. All studies under review showed 
weaknesses with respect to one or more design aspects, but it was not clear 
how these weaknesses must be weighted, and to what extent they resulted in 
invalid study results. 
As was expected beforehand, when all studies were considered the results 
were not homogeneous. This means that pooling of all study results was not 
allowed. Therefore, studies were categorized into subgroups according to 
design aspects which we expected to influence the odds ratios. Within the 
group of population based studies graphically the odds ratios clustered around 
one value and a homogeneity test indicated combinability of the results. For 
this reason we calculated pooled odds ratios for intermittent and chronic 
sunlight exposure. Whether this was allowed, can still be disputed because of 
the different ways in which sunlight exposure was measured. The lack of 
standardization of measures for intermittent and chronic sunlight exposure, and 
the use of different baseline and exposure categories form a serious problem in 
assessing the effect of UV exposure on melanoma risk. But this argument also 
pertains to the more classical reviews which had to cope with this problem 
too.29"32 
The fourth question whether proper adjustment has been made for biases, 
has been extensively addressed in this meta-analysis. From Table 3.2 it can be 
concluded that several methodologie problems which can be sources of bias of 
the studied association were considered only by a minority of authors. Only 
seven of the 20 studies which are mentioned in Table 3.2 excluded lentigo 
maligna melanoma, only seven studies paid attention to some blinding strategy 
to reduce recall bias, while both these methodological shortcomings can lead 
to overestimation of relative risk. Only 11 studies adjusted for number of nevi 
or other important constitutional risk factors. 
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Several important questions concerning the melanoma-sunlight association 
could not be answered by this meta-analysis. Due to the diversity in 
measurement of sunlight exposure the available data did not allow definite 
conclusions about dose-response relations. More consistent measurement of 
intermittent sun exposure among studies and use of similar exposure categories 
to compare findings for different doses of ultraviolet radiation would help 
much to integrate evidence about dose-response effects. 
Whether the risk estimates were underestimated as a result of inadequate 
measurement of intermittent sunlight exposure, could not be evaluated either. 
The measurement of intermittency of sunlight exposure is a complicated issue 
and the failure to observe strong associations with melanoma risk could be due 
to nondifferential misclassification of exposure.29 Generally, the authors of the 
reviewed case-control studies paid little attention to this problem. Some 
authors have expressed the view that regions with low background rates of sun 
exposure provide a more ideal situation for distinguishing intermittent from 
chronic exposure and thereby for observing stronger associations of melanoma 
risk with recreational exposure.1418 This assumption could not be confirmed in 
this meta-analysis: odds ratios did not increase with increasing latitude of the 
region where the study was performed. 
Also the intriguing question, whether the association between sun exposure 
and melanoma risk is modified by pigmentation characteristics, could not be 
answered. This issue was considered only in few studies8,14,20 and only one 
study presented odds ratios associated with sun exposure for persons with 
good and poor tanning ability separately.20 In this study the odds ratio for 
recreational sun exposure in the subgroup of 'no or light tanners' was higher 
(OR=2.82) than that among 'average or dark tanners' (OR=1.13). 
An argument, which is often used to support the intermittent sunlight 
hypothesis, is that sunburn history is consistently associated with melanoma 
risk. This observation, however, is interpreted differently in the literature. 
Several authors considered sunburn history an important indicator of 
intermittent sunlight exposure.5·10·17·1"·22 Others conclude that sunburn history 
indicates sensitivity of the skin to the sun and is not itself a causal factor for 
melanoma.14,31 In these latter studies the odds ratios associated with sunburns 
decreased and became non-significant after the control for the confounding 
effects of constitutional factors, including reaction of the skin to sunlight.8,14,31 
The tendency to burn easily was more strongly associated with melanoma risk 
than history of sunburn.31 Because of these differences in interpretation it 
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remains a matter of dispute whether the positive assocation of melanoma risk 
with past sunburns can be seen as definite evidence for the etiologic 
importance of ultraviolet radiation. 
We conclude that although the weighted averages of odds ratios from 
population based studies are 1.57 and 0.73 for intermittent and chronic 
sunlight exposure, respectively, there are reasons for cautious interpretation of 
these results. There is a lack of information about dose-response curves and 
about modification of melanoma risk by individual pigmentation 
characteristics. This adds to the conclusion that the evidence for the 
intermittent sunlight theory is not yet complete. 
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CHAPTER 4 
NONSOLAR FACTORS IN MELANOMA RISK 
P.J. Nelemans 
A.L.M. Verbeek 
F.H.J. Rampen 
Clinics in Dermatology 1992; 10: 51-63 
INTRODUCTION 
Sun exposure plays the leading part in most epidemiologic literature on the 
etiology of cutaneous melanoma. This article intends to place nonsolar factors 
on the stage. A variety of nonsolar factors have been suggested and studied as 
possible causes of cutaneous melanoma. Hinds reviewed nonsolar factors in 
the etiology of malignant melanoma.1 He speculated that solar exposure cannot 
explain all the epidemiologic patterns of malignant melanoma and discussed 
the possible role of trauma, dietary factors, endocrine factors, occupational 
exposures, viruses, and drugs. In this article we summarize many of these 
theories end evidence for and against these factors. Emphasis is laid on the 
effects of occupational exposures. Genetic, reproductive, and dietary factors 
are not discussed. 
OCCUPATION 
Incidence rates of cutaneous melanoma for men are no higher than, and in 
most European countries even lower than rates for women.2 This observation 
in combination with the consistent reports of excess melanoma risks in 
professional occupations,3 among office workers,4 and among white collar 
workers,5 has given the impression that occupational exposure to chemical 
carcinogens is not an important risk factor for melanoma. The low risk of blue 
collar factory workers, whose exposure to chemicals is highest relative to the 
risk of professionals and white collar workers with 'cleaner' jobs, was 
frequently interpreted as further evidence for the important role of intermittent 
sun exposure during leisure time. 
In contrast, in a review of the literature on the association between 
occupation and melanoma risk, Austin and Reynolds drew attention to the 
consistency of the studies with respect to the increased risk of melanoma, that 
was found in some chemical and technically advanced industries and appeared 
to be associated with exposure to unusual chemicals or ionizing radiation.6 
Herein, we supplement the review of Austin and Reynolds with results of 
other, more recent studies on occupational risk factors. 
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Sources of information and effect measures 
The occupational studies selected for review varied with respect to source of 
information about morbidity or mortality experience and occupational history 
of the studied populations. Registry-based studies use information about causes 
of death, cancer incidence, and occupation, routinely recorded on death 
certificates or by cancer registries. In cohort-based studies information is 
obtained from employment records, which provide more complete information 
about the exposure of the occupational group of interest, such as duration, 
time since first employment and specification of chemical exposures. 
Information about the mortality and morbidity experience is gathered by 
follow-up of the cohort. 
In the studies under consideration several methods for computation of 
relative risk estimates were used. When the number of persons at risk in the 
occupational group under study was known, standardized (for age and sex) 
mortality and incidence ratios (SMRs and SIRs) were computed.7 Proportional 
mortality and incidence ratios (PMRs and PIRs) were calculated if, for the 
occupational group of interest, only the proportions of deaths or cases from 
specific causes were known, but not the number of persons at risk. Another 
possibility to evaluate the association between occupation and melanoma risk 
is the case-control approach. Past occupational histories of the persons dying 
or suffering from cutaneous melanoma (cases) are compared with those of 
persons who are free of the disease. The measure of relative risk computed in 
this type of study is the odds ratio (OR). 
Reference populations used in the studies were mostly national or regional 
populations. Sometimes internal comparisons were made with populations 
consisting of persons employed by the same company, but without the 
exposure of interest. 
Results 
Published associations between malignant melanoma and occupational 
exposures are presented in Tables 4.1, 4.2 and 4.3. The tables give an 
overview of literature data on associations of melanoma risk with specific 
industries,*"32 specific chemicals,6,33"33 and ionizing radiation,6,13,33,36"38 
respectively. Only studies with five or more observed melanoma cases are 
included in Table 4.1. If not presented in the article, 95% confidence intervals 
were calculated according to a method proposed by Ulm.39 
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Savitz and Moure critically reviewed studies on cancer risk among oil 
refinery workers and concluded that there was some suggestion of excess risk 
of melanoma.8 The relative risk estimates reported from four reviewed studies, 
that considered malignant melanoma varied from 1.22 to 2.16. Two 
subsequent studies reported no excess risks.9,10 Wong and Raabe pooled results 
from 14 studies about skin cancer in the petrochemical industry, but did not 
distinguish melanomas from nonmelanoma skin cancers.9 Not reported in 
Table 4.1, but worthy of mention, is the study by Bahn et al of the incidence 
of melanoma in workers in a petrochemical plant who handled polychlorinated 
biphenyls (PCBs).40 The observed number of melanomas (2) was far greater 
than expected (0.04). This finding, however, was not corroborated in a later 
study among a cohort of 2,567 workers exposed to PCBs.41 In this cohort no 
deaths from melanoma were observed. 
As can be seen in Table 4.1, elevated melanoma risks have been reported 
for chemists or workers in the chemical industry.11'15 Increased risks of 
melanoma were also reported for workers in the printing industry,141617 in 
aircraft factories18,19 and in firefighters.20,21 All these occupations are associated 
with exposure to a wide variety of chemicals, some of which are known or 
suspected to be carcinogenic. McLaughlin et al reported, that there was no 
concomitant excess of nonmelanoma skin cancer among workers in the 
printing industry, which suggests that the observed excess of melanomas did 
not result from exposure to ultraviolet radiation.17 
Doll reviewed studies of the possible effect of vinylchloride on the mortality 
of occupationally exposed men.42 Included were three documented results for 
malignant melanoma. From these three studies only one reported an excess of 
melanoma among polyvinyl chloride workers.22 Extended follow-up of the 
latter group yielded similar results.23 Another relevant study in this context is 
that of Teta et al, which was published after Doll's review.24 These authors 
reported an excess of melanoma among workers in a petrochemical facility 
producing polyvinyl chloride monomers and polymers. Doll did not include 
for review studies of mortality among workers assembling polyvinyl chloride 
products, as these workers were supposed to have much less exposure to 
vinylchloride than those exposed during the manufacturing of vinyl chloride 
monomers and polymers. Increased mortality from and incidence of melanoma 
among production workers in the rubber industry were reported by Holmberg 
et al23 and Hall and Rosenman.26 Significantly more melanomas than expected 
were also observed in the electronics industry (especially in soldering 
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TABLE 4.1 Results of studies of the associations between melanoma risk and industrial exposures 
Ref. First author Year of 
publication 
PETROCHEMICAL INDUSTRY 
8 Savitz 1984 
9 Wong 1989 
10 Marsh 1991 
Obs no. 
melanomas 
16 
13 
11 
14 
93 
7 
Method* 
SMR 
SIR 
PMR 
SMR 
SMR 
SMR 
O/E** 
1.2 
1.3 
1.6 
2.2 
1.0 
1.4 
1.1 
1.0 
95% CI· 
0.7-2.0 
0.8-2.3 
0.9-2.9 
1.3-3.7 
0.9-1.3 
0.7-2.9 
0.5-2.4 
0.5-2.2 
Remarks 
review of 4 cohort studies 
review of 14 cohort studies 
compared with United States 
compared with Texas 
compared with county 
CHEMISTS 
11 
12 
Pell 
Hoar 
1978 
1981 
118 SIR 1.2 1.0-1.5 all employees 
67 SIR 1.2 1.0-1.6 wage employees 
51 SIR 1.3 1.0-1.7 salaried employees 
8 SIR 1.0 0.5-1.8 compared with Du Pont non chemists 
SIR 2.4 1.1-4.5 compared with US 
13 Austin 1981 19 OR 7.0 1.4-3.4 case-control study, non chemist controls 
SIR 3.0 1.9-4.8 compared with county rates 
14 Vagero 1990 18 SIR 1.9 1.1-3.0 compared with working population 
15 Teta 1990 32 SMR 
7 SMR 
PRINTING INDUSTRY 
16 Dubrow 1986 6 PMR 
17 McLaughlin 1988 39 SIR 
7 SIR 
14 Vagero 1990 15 PIR 
5 PIR 
AIRCRAFT INDUSTRY 
18 Garabrant 1988 5 SMR 
19 Costa 1989 6 SMR 
FIREMEN 
20 Howe 1990 18 SMR 
21 Sama 1990 18 SMOR 
SMOR 
VINYL CHLORIDE 
1.6 1.1-2.2 all workers 
2.4 1.0-5.0 hourly chemical and plastic worker 
4.6 2.1-10.2 
1.9 1.4-2.6 newspaper printing 
3.1 1.5-6.5 newspaper publishing 
0.6 0.3-1.0 compared with working population, males 
2.0 0.7-4.7 compared with working population, females 
0.5 0.5-1.3 
5.6 2.5-12.0 8-19 years latency 
1.7 1.0-2.7 meta-analysis of cohort studies 
2.9 1.7-5.0 compared with statewide males 
1.4 0.6-3.2 compared with police 
22,23 Heldaas 1984 4 SIR 5.1 2.0-13.4 
1987 6 SIR 6.7 3.0-14.7 
24 Teta 1991 5 SMR 2.5 0.8-5.8 outdoor maintenance workers 
7 SMR 1.7 0.7-3.4 hourly workers 
RUBBER INDUSTRY 
25 Holmberg 1983 
26 Hall 1991 
21 SIR 2.3 1.5-3.5 all employees 
18 SIR 2.5 1.6-4.0 production workers 
15 PIR 1.6 0.9-2.6 all workers compared with all males 
11 PIR 1.9 1.0-3.4 blue collar workers compared with all males 
11 PIR 2.6 1.5-4.7 blue collar workers, compared with all blue collar 
workers 
ELECTRONICS INDUSTRY 
27 Vagero 1983 
28 Vagero 1985 
29 De Guire 
14 Vagero 
1988 
1990 
59 RR 1.4 1.1-1.8 compared with working population (Sweden) 
12 
6 
10 
5 
5 
SIR 
SIR 
SIR 
SIR 
SIR 
2.6 
3.9 
2.7 
5.0 
1.9 
1.3-4.5 
1.4-8.5 
1.3-5.0 
1.6-11.8 
0.6-4.3 
compared with working population 
compared with working population, > 10 years 
latency 
telecommumication 
< 20 years latency 
> 20 years latency 
63 PIR 1.0 0.8-1.3 compared with working population (England and 
Wales) 
VETERINARIANS 
30 Blair 1980 12 PMR 2.3 1.3-4.0 skin cancer deaths 
PAINTING INDUSTRY 
31 Morgan 1981 12 
5 
7 
SMR 
SIR 
SIR 
1.3 
3.1 
2.4 
2.1 
1.6 
0.7-2.3 
1.3-7.4 
1.0-5.7 
1.0-4.3 
0.8-3.4 
skin cancer cases, 10 of 12 had melanoma 
MANUFACTURE OF FIBERS 
32 Chen 1988 Dimethylformamide, compared with national rates 
Dimethylformamide, compared with Du Pont 
employees 
Dimethylformamide and acrylonitrile, 
compared with national rates 
Dimethylformamide and acrylonitrile, 
compared with Du Pont employees 
* SMR, standardized mortality ratio; SIR, standardized incidence ratio; OR, odds ratio; PMR, proportional mortality ratio; PIR, 
proportional incidence ratio; SMOR, standardized morbidity odds ratio; RR, relative risk 
** Observed 
' Confidence interval 
departments) after scrutiny of Swedish registry data,27,28 but not in the 
electronics industry in England and Wales.14 Increased incidence of melanoma 
was also found in the telecommunications industry in a Canadian study.29 
There are sporadic reports of excess of melanomas among electrical 
engineers,43 semiconductor workers,44 and workers in electrical shops and 
power stations.43 These three studies are not mentioned in Table 4.1, because 
the number of melanoma cases observed was less than five. Carcinogens and 
cancer risks in the microelectronics industry were reviewed by Garabrant and 
Olin, who concluded that recent studies indicate slightly elevated risks of 
cancer.46 It is plausible that in such instances skin contact or inhalation of 
materials on the job are causal factors. 
More incidentally, increases in melanoma were seen among veterinarians,30 
among workers in the painting industry,31 and in the manufacture of acrylic 
fibers involving exposure to dimethylformamide and aery Ioni trile.32 An excess 
risk was also found for clothing makers/cutters in the study by Vâgerô et al 
who could think of no causal agent to account for this finding.14 Lanes et al 
reported an increased incidence of melanoma in textile workers who were 
exposed to methylene chloride, a chlorinated solvent, during the production of 
cellulose triacetate fibers (not mentioned in Table 4.1).47 
Positive associations with specific chemicals have been reported by several 
investigations.6,33'33 These chemicals and the associated odds ratios are 
presented in Table 4.2. As can be seen, the chemicals associated with 
increased melanoma risk are very heterogeneous in nature. Bell et al reported 
a significantly increased odds ratio for cutting oils.34 This association was not 
found by Siemiatycki et al, who performed a case-control study of associations 
between several sites of cancer and twelve petroleum-derived liquids, 
including cutting oils.48 
Evidence of the effects of radiation exposure on melanoma risk is not very 
consistent (Table 4.3).6·13·33·36"38 A significantly increased risk from exposure to 
radioactive material was reported in the case-control study by Austin and 
Reynolds:6 however, in an earlier study no relation with any type of radiation 
exposure was observed for employees of the Lawrence Livermore National 
Laboratory,13 nor was an excess of melanomas found at the Los Alamos 
National Laboratory, which like the Lawrence Livermore plant is a research 
facility for nuclear weapons and energy research.36 Caldwell and co-workers 
reported no increased risk among nuclear test participants.37 
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TABLE 4.2 Results of case-control studies of the associations between 
melanoma risk and exposure to specific chemicals 
Ref. 
33 
6 
34 
45 
First 
author 
Wright 
Austin 
Bell 
Magnani 
Year 
1983 
1986 
1987 
1987 
Obs 
mei 
; no 
anomas 
9 
? 
21 
99 
Incidence/ 
mortality 
incidence 
incidence 
incidence 
mortality 
Chemical 
pesticides 
benzoyl 
peroxide 
plastics 
solvents 
volatile 
chemicals 
cutting oils 
lead 
(compounds) 
mercury 
(compounds) 
Odds ratio 
(95% CI) 
12.8 
22.7 
12.8 
7.5 
3.6 
2.1 
1.8 
2.9 
(0.05-320) 
(0.9-565) 
(0.5-319) 
(0.6-90) 
(p < 0.05) 
(1.1-3.3) 
(1.0-3.4) 
(1.1-7.4) 
* Confidence interval 
TABLE 4.3 Results of studies of the associations between melanoma risk and 
exposure to occupational ionizing radiation 
Ref. 
13 
36 
37 
33 
6 
First author 
Austin 
Acquavella 
Caldwell 
Wright 
Austin 
Year 
1981 
1982 
1983 
1983 
1986 
Obs no. 
melanomas 
19 
3 
7 
9 
31 
Method* 
SIR 
SIR 
SIR 
OR 
OR 
O/E** 
(95% CI') 
no relation 
0.7 (0.2-2.2) 
1.8 (0.7-3.7) 
10.7 (0.8-139) 
3.4 (p < 0.05) 
Remarks 
Lawrence 
Livermore 
National Laboratory 
Los Alamos 
National Laboratory 
military nuclear test 
participants 
ionizing radiation 
radioactive 
38 Holman 1986 
materials 
OR 2.7(1.0-6.9) ionizing radiation, 
lentigo maligna 
melanoma 
OR 1.6(0.8-3.0) ionizing radiation, 
superficial 
spreading melanoma 
* SIR, standardized incidence ratio; OR, odds ratio 
** Observed/expected 
' Confidence interval 
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Holman et al found some evidence for radiation exposure as a risk factor for 
lengtigo maligna melanoma, but the odds ratio for superficial spreading 
melanoma was less than 2 and nonsignificant.38 For nodular melanoma, 
ionizing radiation at work even appeared to be protective. In the case-control 
study of Wright et al, chemists with melanoma more frequently reported 
exposure to ionizing radiation than chemists with other cancers, but because of 
the small number of cases (7) and controls (9) the 95%-confidence interval 
was very wide.33 Interestingly, in the surveillance study of Vâgerô and 
co-workers highest risk of melanoma was noted among airline pilots.14 There 
is probably no excessive ultraviolet exposure to pilots when inside aircraft 
because of shielding provided by window glass. It was therefore suggested that 
frequent flights abroad may give pilots the opportunity for intense recreational 
sunbathing in sunny climates; however, Krain hypothesized that the excess of 
melanomas in pilots might be caused by exposure to non-ultraviolet radiation, 
which is increased at high altitudes.49 
A most interesting theory is the suggested radon-associated 
cancer/melanoma risk, launched by the group around Henshaw and Bridges 
from the United Kingdom.50,31 These authors studied indoor radon 
concentrations and compared the results with mutation frequencies in 
peripheral blood Τ lymphocytes. There was a significant association between 
mutation frequency in the individuals and radon concentrations in their homes. 
Moreover, a conspicuous correlation was found between melanoma incidence 
and indoor radon activity in 14 countries. 
Radon in building material may be an important risk factor for the induction 
of mutagenic changes in various cell systems, among which are nevocytes. 
Discussion 
In reviewing the aforementioned occupational studies three major problems are 
encountered: (1) incompleteness of information about occupational exposure 
and disease outcomes, (2) lack of control for other risk factors for cutaneous 
malignant melanoma, and (3) limited comparability of the occupational and 
reference populations. All studies suffered from one or more of these 
limitations. These methodologie shortcomings are considered here to evaluate 
in which direction the resulting biases could have influenced the estimates of 
melanoma risk. 
Poor definition of occupational exposures results in underestimation of 
relative risks or even failure to detect existing associations with melanoma 
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risk. Occupational exposure defined according to industry category is not very 
specific and can comprise very heterogeneous chemical exposures. In 
particular, registry-based studies suffer from incomplete exposure information. 
An important limitation of such studies is that the occupation recorded often 
represents only the final or usual job and may be a poor indicator of lifetime 
exposure.7 If there is a genuine relationship between the studied exposure and 
melanoma risk, poor measurement of exposure leads to dilution of the studied 
association. For this same reason, it is also important to take into account the 
time since first exposure. If it is assumed that exposure can induce cancer only 
after a certain latency period, including in the analysis those exposed persons 
for whom time lapses since first exposure are shorter than the supposed 
latency period will result in underestimation of relative risk. 
Although the various histologic types of cutaneous melanoma are considered 
to have different etiologies, the association of occupational exposure with 
melanoma risk according to histologic type has been reported only rarely.38 In 
most studies histologic types were not specified, which, under the assumption 
that specific occupational exposures cause specific types of melanoma, may 
also result in too low estimates of risk. 
Most studies took into account age, sex, race and calendar period, but in 
very few studies was adjustment made for other risk factors for cutaneous 
malignant melanoma, such as pigmentation characteristics, socioeconomic 
class, and sun exposure habits. In what way the risk estimates are affected by 
lack of control for pigmentation characteristics depends on the distribution of 
these factors by occupation, which was not known for most of the studies 
reviewed. 
Increased rates of melanoma are found in upper socioeconomic groups.3 
This led to the suggestion that the association of solar radiation with cutaneous 
melanoma is not related to total dose, but to an intermittent type of exposure 
typical of more affluent people with low occupational exposure and high levels 
of recreational and vacation sunlight exposure. This hypothesis was supported 
by results from several case-control studies.38·32·33 Therefore, socioeconomic 
status and associated life-style factors, such as sun exposure habits must be 
considered important potential confounders. It is remarkable that several 
surveillance studies that examined occupation/cancer associations by use of 
registry-based data consistently identified professional and managerial 
occupations to be most strongly associated with melanoma risk.14·54·33 
Confounding bias caused by lack of control for socioeconomic status and sun 
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exposure habits, might be responsible for these results. This bias might also 
have resulted in failure to detect possible associations of melanoma risk with 
occupational exposures, which are experienced mainly by blue collar workers 
and outdoor workers. The underestimation of relative risk of melanoma by 
comparison of blue collar workers with the general population is clearly 
illustrated by the study of Hall and Rosenman, who performed two types of 
analysis of cancer incidence by industry.26 They compared blue collar workers 
first with all workers and second with only blue collar workers. The use of 
only blue collar workers as a comparison population was considered a 
correction for socioeconomic factors. The already increased proportional 
incidence ratio for melanoma in the rubber and plastic products industry from 
the first analysis (PIR=190) further increased in the second comparison 
(PIR=264). 
In many studies national and regional populations were taken as reference 
populations. The incomparability of these reference populations and 
occupational populations because of social or environmental differences can 
introduce bias. For example, differences in the accuracy of death certification 
or cancer registration between the occupational and general population could 
create problems. The accuracy of registration for melanoma incidence and 
mortality might depend on social class, with better registration for higher 
socioeconomic classes. This would imply that the elevated relative risks 
reported for occupational groups of higher socioeconomic status, such as 
chemists, electrical engineers and veterinarians, are at least in part artificial. 
On the other hand for industrial exposures that are experienced mainly by blue 
collar workers, better registration of melanomas in higher socioeconomic 
classes would again lead to underestimation of the relative frequency of this 
malignancy. 
In the study by Hoar and Pell there were geographic differences between the 
DuPont chemists and the national population.12 Most DuPont employees live in 
the southeastern United States, where the incidence of melanoma is higher 
than in the north. The disappearance of the elevated melanoma risk after 
comparison with DuPont nonchemists suggests that the excess risk relative to 
the national population could be the result of differences in solar exposure. 
Many articles focus on positive associations between melanoma and 
occupation and tend to neglect negative results. In many occupational studies 
multiple associations are tested and several significant associations are 
expected to occur from chance alone. The argument for a causal relationship 
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between a specific occupation and melanoma risk can be strengthened by a 
biologically plausible explanation. The industrial processes listed in Table 4.1 
are associated with multiple exposures to a variety of chemicals. Several of 
these chemicals have been reported to be (probably or possibly) carcinogenic 
to humans.56 Unfortunately, the literature reveals few, if any, studies on the 
causality of the statistically significant associations. Future investigations on 
the causality of the alleged associations between occupation and melanoma 
incidence demand at least more detailed specification of the chemicals exposed 
to, examination of dose-response relationships, and elimination of biases that 
could efface any genuine association. 
TRAUMA 
Trauma has been suspected to promote melanoma because of the relatively 
high risk of melanoma on the sole of the foot among African blacks. 
However, there is a similar incidence of foot melanoma in American blacks 
who wear shoes.37 As Briggs pointed out in his review of the role of trauma in 
the etiology of malignant melanoma, single case reports repeatedly suggest 
trauma as a causal factor.5' He also referred to an article by Lea who reported 
that a history of trauma was significantly greater in melanoma cases than in a 
comparison group with basal cell carcinomas;59 however, according to Briggs, 
this article had a number of methodological and statistical shortcomings. The 
sites of the basal cell carcinomas and melanomas were not indicated. It is 
conceivable that the basal cell carcinomas were mostly concentrated on the 
face and less likely to be injured than the melanomas. 
A strong argument against the role of trauma is offered by the body 
distribution of melanoma in Caucasians, with only a very small proportion of 
melanomas on the most traumatized areas, the hands and feet.60 
Trauma through shaving or depilation has been suggested as an explanation 
for the higher rate of melanoma of the lower limbs in women than in men.61 
Holman and collaborators found no evidence of an association of melanoma 
with hair removal from the legs.38 
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VIRAL CARCINOGENESIS 
Oncogenic viruses can cause malignant transformation of cells. Transformation 
requires the uptake of exogenous DNA, incorporation of the DNA into the 
host genetic material, and expression of the foreign genetic information in the 
recipient cells.62 Parsons et al discovered oncornavirus-like particles in 68% of 
melanoma biopsies examined, whereas these particles were present in only a 
small proportion (2/10) of samples of normal skin.63 Balda et al discovered 
viruslike particles in an even larger proportion (13/14) of melanoma 
biopsies.6* This evidence suggests that viruslike particles are present in the 
majority of human malignant melanomas; however, in the study by Parsons et 
al, the control series was subjected to only one of the two tests used to 
examine melanoma patients. The exact nature of the viruslike particles could 
not be clarified and their role in the induction of melanomas remains unclear. 
In a case-control study by Gallagher et al subjects were questioned about 
previous viral disease, but no consistent associations with melanoma incidence 
were seen.63 In recent years authors have reported malignant melanomas in 
patients with human immunodeficiency virus (HIV-1 and HIV-2) 
infections.66,67 Epidemiologic and clinical studies are necessary to examine 
whether the incidence of melanoma among HIV-infected persons is higher than 
can be expected on the basis of national melanoma rates. 
A correlation between cervical intraepithelial neoplasia and incidence of 
melanoma has also been suggested.68,69 In these studies three cases of 
melanoma were observed among 805 patients with cervical intraepithelial 
neoplasia, six times the expected rate. Conversely, in melanoma patients the 
incidence of intraepithelial neoplasia was eight times higher than expected on 
the basis of case-matched controls. These findings indicate a link between 
melanoma and human papillomavirus infection of the cervical epithelium. 
Whether these observations reflect a causal relation or merely a coincidental 
parallel in lifestyle remains to be elucidated. 
PERSONAL HABITS 
Several case-control studies of risk factors for cutaneous malignant melanoma 
have collected information about personal habits, such as smoking, and 
consumption of coffee, tea, artificial sweeteners, and alcohol. 
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Smoking behavior has never reported to be positively associated with 
melanoma risk.38·63·70·71 
With respect to coffee consumption no increase in melanoma risk was 
observed in the same case-control studies. The data of 0sterlind et al were 
slightly suggestive of some effect of a high level of tea consumption; after 
adjustment for socioeconomic status, sunbathing and nevus counts, the relative 
risk increased with consumption level to OR = 1.5 in the group with highest 
exposure (95%-CI: 1.1 -2.2).7I Holman et al38 and Gallagher et al" did not 
observe any association with tea consumption. None of the case-control studies 
reported an increased relative risk for use of artificial sweeteners. 
Based on an association of alcohol ingestion with a higher occurrence of 
cancers of the breast and thyroid, and malignant melanomas in overview data 
from the U.S. Third National Cancer Survey, Williams proposed a unifying 
hypothesis to explain these seemingly diverse associations.72 He suggested that 
alcohol stimulates anterior pituitary secretion of prolactin, thyroid-stimulating 
hormone, and melanocyte-stimulating hormone. Under the stimulation of these 
hormones, the three target tissues exhibit increased mitotic activity and hence 
an increased cancer susceptibility; however, this hypothesis has not been 
supported by the findings of most case-control studies on the association 
between alcohol consumption and risk of melanoma. The study by Stryker et 
al is an exception and reported an odds ratio of 1.8 (95%-CI: 1.0-3.3) for 
consumption greater than 10 g/day compared with no alcohol intake.73 Holman 
et al,38 Green et al70 and Gallagher et al65 found no association. 0sterlind et al 
reported a weakly protective effect of increasing total alcohol consumption.71 
After adjustment for socioeconomic class and sunbathing, the relative risk for 
the highest total consumption level of alcohol decreased to OR=0.6 
(95%-CI: 0.4-0.9). 
Holman and Armstong reported an association between lentigo maligna 
melanoma and use of nonpermanent hair dyes and suggested that aromatic 
amines and nitro compounds in hair dyes may be causal factors.74 This 
observation could not be corroborated by the 0sterlind's group.71 
USE OF DRUGS 
Another implication of the theory proposed by Williams is that several 
common drugs acting similarly to alcohol on pituitary secretion including 
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reserpine, methyldopa, phenothiazines, d-amphetamine, tricyclic 
antidepressants, and antihistamines, are cancer promotors. Adam et al found 
no significant differences between cases and controls in the use of 
phenothiazines, methyldopa, and reserpine.73 
Levodopa therapy is suspected to enhance melanoma growth, because it 
serves as a substrate for the enzyme tyrosinase in the melanin synthetic 
pathway. Case reports on the manifestation of melanoma in patients with 
Parkinson's disease were critically reviewed by Rampen.76 Seventeen of 
the nineteen melanoma cases reviewed had received levodopa therapy. 
Whether this relationship is causal or merely coincidental is a matter of 
dispute. For most of the melanoma cases reviewed, the diagnosis of melanoma 
was before or within two years of the start of levodopa therapy. If it is 
assumed that clinical manifestation of melanoma occurs several years after 
induction (at least 2 years), then levodopa could be considered a potential 
carcinogen in only seven cases. Rampen concluded that this number was 
meaningless in the light of the large number of patients under long-term 
levodopa therapy. 
MODIFICATION OF PHOTOCARCINOGENESIS 
Excessive washing was considered as a potential cause of melanoma by 
O'Rourke77 and Mackie.78 The underlying theory was that bathing frequently, 
shaving legs, and using soaps, detergents and shampoos might remove the 
upper layer of epidermis and therefore decrease barrier function and increase 
susceptibility to light exposure. Furthermore, many cosmetics, such as 
perfumes, creams, soaps and sunscreens, contain photosensitizing chemicals. 
The effects of bathing habits and the use of soap or other detergents were 
explored by Holman et al,38 Green et al70 and 0sterIind et al71 but no 
associations with melanoma risk were observed. With respect to the use of 
sunscreens, Holman et al38 and Green et al70 reported no increased risks of 
melanoma. Graham and co-workers79 found a significantly elevated relative 
risk associated with the use of sunscreen lotions (OR= 2.2), but in this study 
sunscreen use was regarded as an indicator of susceptibility of the skin to 
sunlight. The authors hypothesized that users of sunscreen preparations might 
have experienced more untoward reactions to sun exposure than nonusers 
because of light skin complexion. 
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Sweating in the sun was associated with a twofold increase in the risk of 
melanoma after adjustment for pigmentation factors and total sun exposure.71 
Two possible explanations for this finding were given. Sweating in the sun 
may be an indicator of intense exposure to sunlight not measured in any other 
way, or sweat may contain a carcinogenic photoproduct. 
Topical psoralens have been used for years as tan activators in cosmetics. 
So far, no resulting melanoma case has been recorded.80 
In developed countries daily exposure to photosensitizers further occurs 
through medications, plants, and industrial and air pollutant emissions. 
Systemic photosensitizers consist primarily of therapeutic agents, some of 
which are widely used, for example, antibacterial sulfonamides, thiazide 
diuretics, phenothiazines, and some antibiotics.81 To our knowledge no 
associations between malignant melanomas and use of these drugs have been 
reported. 
Industrial contaminants and air pollutants, many of which are 
photosensitizers,81 might cause phototoxicity. But perhaps more importantly, 
these two sources may relate to photocarcinogenesis as additive carcinogens 
and/or promotors. Epstein referred to the carcinogenic properties of the 
polycyclic hydrocarbon 7,12-dimethylbenzanthracene (DMBA), which has 
been shown to be additive to the cancer-inducing properties of ultraviolet 
radiation.81 Possibly, industrial contaminants and air pollutants that contain 
both carcinogens and promotors accelerate cutaneous cancer formation in 
human skin, including melanoma, similar to the mechanisms noted 
experimentally. 
PRIOR SKIN DISEASES 
Psoriasis patients are more likely than patients without psoriasis to be exposed 
to a variety of environmental and therapeutic carcinogens. They are treated 
among other things, with 8-methoxypsoralen phototherapy (PUVA), coal-tar 
preparations, immunosuppressive agents and, in the past, arsenic. An 
increased incidence of nonmelanoma skin cancers in patients undergoing 
PUVA has been described by Stern et al.82 Individuals with psoriasis have 
been reported to be at increased risk of developing melanoma.83 Alderson and 
Clarke used medical record linkage methods in Scotland to check on the 
possible relationship between psoriasis and cancer, including skin cancer.84 
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They noted that their source of psoriasis patients, hospital discharge statistics, 
was not an ideal source for valid diagnosis of psoriasis. Furthermore, subjects 
with psoriasis under observation by dermatologists may be more likely to have 
a skin cancer recognized. They observed slightly more skin cancers among 
psoriasis patients than expected, but the excess was not significant. In a 
case-control study by Elwood et al frequencies of psoriasis reported by 
melanoma patients and controls were very similar.*5 There were no major 
differences in the severity of psoriasis, the age at which it was first noted, or 
the treatments given. 
Many preparations for the treatment of acne contain benzoyl peroxide. 
Benzoyl peroxide is not a complete skin carcinogen or a skin tumour initiator, 
but it is an effective promotor of both papillomas and squamous cell 
carcinomas.86,87 It was also implicated as a possible carcinogen in a study of 
malignant melanoma in chemists.33 Results from case-control studies of the 
effect of a history of acne on melanoma risk are not consistent. Beral et al 
reported a significant deficit of acne among melanoma cases.83 To explain this 
observation they referred to a theory proposed by Beadle and Burton that 
because of increased sebum production in acne, transmission of ultraviolet 
radiation is reduced.8* An alternative theory is that Propionibacterium acnes, 
which shares immunogenic properties with Corynebacterium parvum, confers 
some protection against malignant disease. Reports on the effect of P. acnes 
on susceptibility to cancer are conflicting.89,90 Elwood et al reported no 
association between a history of acne and incidence of melanoma.83 Very 
similar proportions of cases and controls had used treatments such as special 
soaps or cosmetics, topical applications, oral medications, X-ray treatment, 
and ultraviolet light. Preparations containing benzoyl peroxide were mentioned 
by very few subjects only. Therefore, definitive information on any risk 
associated with the use of such preparations could nol be provided 
Willi icspCLl to vitiligo Lie ι al cl al icpuitcd llial lins skin cundiliuii was 
twice as common in cases than in controls,83 though Gallagher et al found no 
association.65 It is now well established that cutaneous melanoma regularly 
occurs together with vitiligo-like depigmentations and that patients with this 
association survive for longer periods than might ordinarily be expected.91 No 
associations have been observed between dermatitis and melanoma risk.65,83 
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CHEMICALS IN THE ENVIRONMENT 
Because of the high incidence of melanoma in southwest England and the 
enhanced levels of arsenic in this region, it has been suggested that the 
distribution of arsenic in the environment might be a risk factor.92 Arsenic is 
carcinogenic to humans.5' 
Morpurgo and Maggini drew attention to a possible role of aromatic 
compounds in the induction of melanoma.93 They mentioned three compounds 
that might be partly responsible for the increasing trend in melanoma 
incidence: (1) polychlorinated biphenyls, (2) levodopa and (3) 7,12-dimethyl-
benzanthracene. The authors stressed that these compounds are not totally 
responsible for the increasing incidence, because they are not sufficiently 
widespread and their introduction into the environment was much too recent; 
however, these chemicals might be involved in the etiology of malignant 
melanoma by interference with melanin synthesis. At present a great number 
of such aromatic compounds are produced by the chemical industries and 
incorporated into pharmaceutical drugs, pesticides, cosmetics, and industrial 
end products. Therefore, a causal role in the development of melanoma would 
have considerable implications for public health. Morpurgo and Maggini based 
their theory on the observation that both systemic and topical application of 
polycyclic aromatic hydrocarbons has resulted in melanomas in experimental 
animals. Repeated applications of 7,12-dimethylbenzanthracene onto the skin 
of albino guinea pigs produce metastasizing melanomas with clinical 
characteristics similar to those of human melanoma. 
Occupational exposure to polychlorinated biphenyls (PCBs) has been 
reported to be associated with melanoma risk by Bahn et al.40 Polychlorinated 
biphenyls were also proposed as a potentially important causal factor by 
Jensen.94 PCBs are used mainly in "closed" electric systems, such as the small 
capacitors in fluorescent light installations and in other electric apparatus in 
offices. Jensen referred to investigations showing that indoor concentrations of 
PCBs were higher than outdoor concentrations. Especially high PCB levels 
were detected in kitchens, offices, and laboratories. Indoor exposure to PCBs 
could therefore be of etiologic importance and could explain the excess of 
melanomas in office workers. 
Rampen and Fleuren postulated a hypothesis that a hitherto unknown 
chemical xenobiotic, associated with prosperity and modern life-style, might 
explain the dramatic increase in incidence rates in most affluent countries in 
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recent decades.95 The hypothesis would explain the increase in relative risk of 
melanoma with higher socioeconomic status. In this respect, water pollution 
could play an important role through recreational activities involving contact 
with water.96 Noxious agents in the water come into direct contact with the 
skin and its pigmentary system. Because of the widespread practice of 
disinfection with chlorine, this chemical might be of etiologic importance. 
Chlorine is found in drinking water and in swimming pools. Open waters also 
contain large quantities of chlorine contamination by sewage and industrial 
cooling water. Chlorine is very reactive toward natural organic substances in 
water (humic materials, proteins, amino acids).97 Many of these chlorination 
by-products, for example, trihalomethanes, are carcinogenic. Malignant 
melanoma clustering in a Florida county was found to be associated with 
abnormal levels of trihalomethane in water.98 A relative risk of 2.4 was 
calculated for communities with high trihalomethane exposure. Kinae et al 
documented an increase in the occurrence of pigment cell neoplasms in fish 
living in polluted water.99 Environmental contaminants from pulp mill 
wastewater induced melanomas (chromatophoromas) in one of 100 fish tested. 
In two case-control studies that considered the effect of aquatic recreation 
on melanoma risk, the odds ratios for swimming were only slightly 
elevated.100,101 These studies, however, considered swimming as a measure of 
intermittent exposure to sunlight and did not specify type of swimming water. 
CONCLUSION 
The purpose of this review is to highlight theories other than the prevailing 
intermittent sunlight hypothesis as an explanation of part of the puzzling 
etiology of cutaneous malignant melanoma. Evidence for such alternative 
theories is either absent or far from complete; however, some hypotheses 
about nonultraviolet causes of melanoma deserve more attention from the 
scientific community. The results of occupational studies point to the possible 
role of chemicals, involved in several industrial processes and known or 
suspected to be carcinogenic. Furthermore, in industrialized countries people 
are exposed to a large variety of chemicals from the environment through 
several other routes, such as food, drugs, cosmetics, air and water. In 
particular, chlorination of swimming pool water and pollution of open 
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swimming water with halogenated compounds from waste discharge may play 
a critical role in the induction of melanoma of the skin. 
Experimental models show, that chemicals, alone or in combination with 
ultraviolet radiation, can induce malignant melanomas. Therefore, further 
exploration of nonsolar causal theories of melanoma epidemiology should be 
encouraged, especially if these theories are in keeping with current 
epidemiologic trends, such as the high incidence of melanoma in sunny 
climates, the higher risk among indoor workers relative to outdoor workers, 
and the increase in risk with increasing socioeconomic status. 
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The incidence of cutaneous melanoma has risen steeply in most countries with 
a predominantly white population.13 It is the malignancy increasing most 
rapidly in incidence in Western countries; incidence rates have almost doubled 
each decade. If these trends continue, cutaneous melanoma may soon become 
one of the more common cancers in the adult white population. It is generally 
believed that this increase is the consequence of exposure to ultraviolet 
radiation. Here we present theoretical arguments that water pollution and, in 
particular, chlorination are worth exploring as another possible cause. 
ULTRAVIOLET EXPOSURE 
Melanoma risk is associated with intermittent exposure to relatively intense 
sunlight during leisure activities.*"6 The highest risk is seen following acute 
and short-term ultraviolet exposure accompanied by sunburns.4"8 Recreational 
ultraviolet exposure, however, cannot fully explain the trend in incidence, and 
many questions remain unanswered. Why should intermittent, rather than 
chronic, ultraviolet exposure be a risk factor?"'9 Is it true that, for nodular 
melanoma, past sunburns are protective?10 Why does melanoma of the skin 
follow a distribution pattern different from that of freckles, which are known 
to be caused by burning exposures to ultraviolet radiation?" Why do many 
melanoma patients maintain that they have never indulged in sunbathing, have 
never been sunburned, and have never used artificial ultraviolet light devices?7 
Moreover, the small effect estimates reported in most case-control studies12 
indicate that the association with ultraviolet exposure may be indirect. 
The highest melanoma rates are encountered in Australia and the southern 
part of the United States of America, areas with a sunny climate.213 This 
distribution does suggest that ultraviolet exposure is a dominant risk factor. 
Exposure to sunlight, however, is not the only variable for which the life-style 
in torrid zones differs from that in more temperate zones. Exposures to 
chemical carcinogens may also differ. In particular, recreational exposure to 
carcinogenic agents should be considered. 
Recreational exposure of the skin nevocyte to chemical carcinogens includes 
the use of sunscreens and suntan preparations and exposure to water pollutants 
during aquatic leisure activities. Sunscreens may contain carcinogenic agents. 
Tanning lotions containing psoralens are potentially harmful. Nevertheless, 
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there is no substantial evidence from present research that sunscreens or 
suntan preparations cause melanoma.14·15 
WATER POLLUTION 
Theoretically, water pollution is an important additional candidate to consider 
as a cause of melanoma. Noxious agents in the water come into direct contact 
with the skin and its pigmentary system. Three routes of contact will be 
discussed. 
First of all, for obvious reasons, aquatic sports are practiced more 
intensively in hot than in chilly climates. Many open waters nowadays are 
heavily polluted with industrial and domestic impurities. Aquatic life is at a 
serious risk. Yet, people show little hesitation to spend much of their leisure 
time in or near such water, the effects of which on the skin can only be 
guessed. Environmental chemicals from waste discharges, especially 
chloroacetones, have been found to induce pigment cell neoplasia in fish.16 
These findings illustrate the possible role of chlorine-containing environmental 
contaminants in the induction of melanoma. 
Second, swimming pools are usually decontaminated by chlorination with 
sodium hypochlorite. Outdoor swimming pools are more numerous and also 
more frequented in a hot climate than in a temperate one. 
Sodium hypochlorite has been shown to be mutagenic in the Ames test and 
other mutagenicity tests.17 The possibility of potent carcinogenic 
chlorine-containing impurities in bulk hypochlorite should also be considered. 
Third, in torrid regions, the use of bathing water is more frequent than in 
temperate zones. People often take a shower or bath several times a day. 
Although the maximum concentration of polluting substances in tapwater is 
bound by strict regulations, certain chemicals, including chlorinated organic 
materials (organohalides), may be present in such concentrations as to be 
mutagenic to the pigment cell, with its specific metabolic pathways, without 
causing any health problems when ingested.18"20 Moreover, the use of bathing 
water often goes along with the use of soaps and other toiletries. Whether 
toiletries contain agents that are potentially carcinogenic to nevocytes needs 
further elucidation. On the other hand, a role for tapwater contaminants in 
causing melanoma is inconsistent with the low frequency of melanoma on the 
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hands, which are exposed to tapwater far more frequently than other parts of 
the body. 
CHLORINATION 
In all three routes of exposure mentioned above, chlorine plays a critical part. 
Chlorine is used for the disinfection of drinking and swimming pool water. 
Moreover, chlorine is extensively used in the treatment of industrial cooling 
water and sewage water. The human skin, therefore, comes into contact with 
many halogenated compounds during bathing, swimming, and other aquatic 
activities, irrespective of water source or type of contact. Chlorine is very 
reactive toward natural organic substances in water (humic materials, proteins, 
amino acids).18,20,21 Many of these chlorination by-products, such as 
trihalomethanes, dihaloacetonitriles, and in particular, halogenated furanones, 
are mutagenic.20,22,23 Brominated compounds may also play a role.17,24 
Bromides are often present in raw water from natural and anthropogenic 
sources. Chlorination and bromination are competitive reactions. Brominated 
organohalogen compounds represent a substantial part of the total mutagenic 
products in chlorinated water.24 
The skin pigmentary system seems to be a suitable target organ for chlorine 
compounds or by-products having oxidizing characteristics.25 Cesarini26 
emphasized that pheomelanins, a subclass of pigment cell melanins, are 
especially subject to environmental oxidizing events. Redheads and blonds, 
who are disproportionately melanoma-prone, contain a relative excess of 
pheomelanins compared with darker persons. 
Some authors have investigated the relation between water sport activities 
and melanoma risk. No clear association with swimming has been 
documented. Holman et al10 found that superficial spreading melanoma was 
associated with frequent participation in boating and fishing, but not with 
swimming. 0sterlind et al8 reported that boating was an independent risk 
factor, whereas swimming proved to be of less importance. The lack of 
support for a relation with swimming in the first study may be explained by 
the fact that swimming activities were comparatively more frequent at older 
ages than boating and fishing. It is generally believed that childhood and 
adolescence are the most etiologically relevant periods with regard to 
melanoma development. A further reason for the negative results with respect 
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to swimming may be that, in the cited studies, a false premise was made. 
Water sports were regarded as indicators for ultraviolet exposure, not for 
exposure to water pollutants. In this respect, specification of the type of 
swimming water is necessary to investigate the effect of water pollution. 
Swimming in open water is not identical to swimming in a swimming pool. 
The body site distribution of melanoma points away from the ultraviolet 
theory. For example, freckling is caused by sunburn exposure to ultraviolet 
radiation." Freckling is most conspicuous on the face, shoulders, and upper 
back. Melanoma shows a much wider distribution. Melanomas on the legs 
account for half of the melanomas in females, although freckling is not 
prominent on these sites. Melanomas may be encountered on the hairy scalp 
(especially in males), and on the genitals, areas where freckling never occurs. 
In these areas, melanoma risk seems to be more proportional to skin surface 
area and/or nevus counts than to exposure to ultraviolet radiation. The 
observation that melanomas are rare in swimsuit-covered areas of the skin, 
such as the breasts and buttocks, may be explained by the paucity of nevi on 
these sites. 
CONCLUSIONS 
Melanoma incidence is associated with intermittent ultraviolet exposure. 
Nevertheless, many inconsistencies in the reported data merit critical 
evaluation. The association may be partially confounded by an association 
between other recreational activities and melanoma risk. 
We hypothesize that water pollution is an additional cause of melanoma. 
Swimming pool water, open swimming water, and, to a lesser extent, tapwater 
are all candidates. We believe that the role of worldwide pollution of rivers 
and oceans and the chlorination of swimming pool water in causing melanoma 
need urgent appraisal by the scientific community. 
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ABSTRACT 
Most case-control studies of the association between cutaneous malignant 
melanoma and intermittent sunlight exposure have yielded odds ratios 
lower than 2. The purpose of this study is to evaluate to what extent 
differential misclassification of sunlight exposure could be responsible for 
these weak associations. For this purpose, data are used from a case-
control study carried out in The Netherlands, including 140 patients with 
a histologically verified melanoma and 183 control patients with another 
type of malignancy. All patients were registered by the same cancer 
registry. The odds ratios for intermittent sunlight exposure during three 
periods of life are similar to those reported by other studies. However, 
consistently higher odds ratios are found for subjects older than 50 years 
of age as compared with younger persons, and for cases with melanomas 
on chronically sunexposed body sites as compared with melanomas on 
intermittently exposed sites. Recall bias may explain these findings, but 
the results of theoretical sensitivity analyses indicate that considerable 
case-control differences in sensitivity and/or specificity are required to 
explain the odds ratios of the magnitude observed in this study. 
Alternative explanations for the findings according to age group and 
melanoma site are also considered. 
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INTRODUCTION 
The higher incidence of cutaneous malignant melanoma in countries of lower 
latitudes strongly suggests sunlight exposure as an important risk factor.1 
However, melanoma incidence is higher among indoor workers than among 
outdoor workers2 and 75% of all melanomas occur on body sites which are 
not chronically exposed to the sun.3 To reconcile these observations it was 
postulated that especially irregular bouts of intense exposure to the sun, so-
called intermittent exposure, increase melanoma risk.4 
Several case-control studies evaluated the sunlight-melanoma relationship, 
but generally reported only weak associations. Odds ratios for intermittent sun 
exposure were mostly lower than 2.5'14 Several studies even reported "no 
significant association".15"19 Only four studies reported odds ratios higher than 
2.20"23 So, most odds ratios were small for a risk factor that should explain the 
doubling of incidence every decade. Although the fact that an association is 
weak does not rule out causal connections, weak associations are more likely 
to be explained by undetected biases. Therefore, it is worth exploring to what 
extent methodologie problems could be responsible for the observed weak 
sunlight-melanoma associations. 
Some authors assume that the failure to observe strong relationships is due 
to nondifferential misclassification of past sunlight exposure, i.e. measurement 
errors do exist and are similar for subjects with and without melanoma.24 It 
has also been suggested that in reality the relationship is weak or even absent 
and that the small positive results are caused by recall bias.25 Recall bias is a 
form of differential misclassification and will occur, if patients with melanoma 
tend to enhanced or spurious recall of past sunlight exposure, because they or 
the interviewers know that sunlight is the suspected risk factor. The purpose of 
this study was to explore the possibility that recall bias is responsible for the 
small positive associations between melanoma occurrence and intermittent 
sunlight exposure. Hereby, use was made of data from a recent case-control 
study. Drews et al26 advised investigators concerned about differential recall in 
a particular study to base their evaluation on a sensitivity analysis. Such 
analyses were performed to specify the conditions under which recall bias 
would produce odds ratios such as have been observed in this study. 
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POPULATION AND METHODS 
The case-control study 
A case-control study of risk factors for melanoma was performed in the 
eastern part of the Netherlands. The melanoma types of interest were 
superficial spreading and nodular melanoma and only cases with a 
histologically confirmed melanoma were eligible for the study. The control 
group consisted of patients with cancers considered to be unrelated to the 
exposures of interest, and with comparable age and sex distributions: laryngeal 
cancer, cervical cancer, carcinoma of the corpus uteri, carcinoma of the 
ovaries, testicular cancer, bladder cancer, Hodgkin lymphoma and non-
Hodgkin lymphoma. This particular control group was chosen to reduce recall 
bias.27 
Both the melanomas and the other cancers were diagnosed from January 
1988 through December 1990 and registered by the Regional Cancer Registry 
of the Comprehensive Cancer Centre IKO, which covers the mid-eastern part 
of the Netherlands. From the patients, who were invited to participate to the 
study by their attending physicians, 175 melanoma patients (80%) and 188 
control patients (47%) consented to participation. 
Information about the exposure to sunlight and other risk factors of 
melanoma was obtained by use of a modified version of the questionnaire used 
in the Western Canada Melanoma Study by Elwood and Gallagher.8 The 
questionnaire used in the present study differed from the original one with 
respect to the periods for which frequencies of recreative activities were 
recorded. Exposure was not recorded per decade but for three periods in life: 
before 15 years (childhood), between 15 and 25 years (adolescence), and after 
25 years of age (adulthood). Intermittent exposure to sunlight prior to the 
diagnosis of cancer was measured by weekly hours of sunbathing during the 
summer months. To be able to control for potential confounders, the 
questionnaire among other items inquired about age, sex, level of education, 
and acute and chronic reaction of the skin to sunlight exposure. All questions 
were answered during an interview held by two professional interviewers. 
Each interviewer visited half of the melanoma cases and half of the control 
patients. 
A physical examination of the respondents was performed by one 
dermatologically trained physician (HG) to obtain information about skin type, 
hair and eye color, degree of freckling, and number of nevi greater than 2 mm 
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in diameter on the back. The presence of dysplastic nevi was also recorded. 
Information about the particular melanoma site was given by the patients 
themselves and by histology reports. 
Histopathologic slides of the melanomas were reviewed by one pathologist 
(DJR). Based on this review diagnosis 31 cases with melanoma were excluded 
from the analysis; four lesions were not considered to be melanomas and 27 
melanomas were histopathologically classified as lentigo maligna melanoma or 
acrolentiginous melanoma. Furthermore, body exams for skin complexion and 
nevus counts could not be performed in three cases and three controls. One 
case did not give information about weekly hours of sunbathing. Two controls 
were not Caucasian. Thus, from the 175 melanoma patients and 188 control 
patients who participated 140 cases and 183 controls remained for analysis. 
Analyses 
Odds ratios and 95% confidence intervals were calculated for intermittent 
sunlight exposure in the three periods in life. Potential confounding was 
controlled for by use of a multiple logistic regression model28 including age, 
sex, educational level, hair color, and tendency to burn. Intermittent exposure 
to sunlight was treated as a dichotomous variable and was denned as positive 
for persons who reported an average frequency of sunbathing of at least one 
hour a week. Because melanoma incidence does not rise continually with 
increasing age,29 indicator variables for four age categories ( ^ 40, 41-50, 51-
60, ^ 6 1 years) were used. 
In order to evaluate the potential impact of recall bias the above mentioned 
analyses were repeated separately for the age group < 50 years and > 50 
years and separately for melanoma site: melanomas on body sites mostly 
exposed to the sun and on sites mostly covered by clothing. The assumption 
underlying these analyses was that recall bias may be greater when recall is 
poorer,30 i.e among older persons, and that patients with melanoma on 
chronically exposed body sites, as for example the face, may have a greater 
tendency to attribute it to sunlight exposure than persons with melanoma on 
other sites. Body sites which were considered chronically exposed were face, 
neck, arms, and lower legs of females.31 Because for seven cases the 
melanoma site was unknown, the analyses according to melanoma site were 
based on 133 melanoma cases. 
Sensitivity analyses were performed for misclassifícation of sunlight 
exposure. In a fourfold table subjects were classified by the presence or 
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absence of melanoma and by the presence or absence of intermittent sunlight 
exposure. True proportions in each cell were calculated by assuming a specific 
exposure prevalence among control patients P(E) and a "true" odds ratio OR. 
By applying various misclassification probabilities to each cell the 
corresponding cell proportions under misclassification were generated. From 
the misclassified proportions the "observed" odds ratio was calculated. 
Sensitivity of exposure was considered the probability of correct classifcation 
among those truly exposed, and specificity of non-exposure the probability of 
correct classification among those truly not exposed.32 
RESULTS 
Table 6.1 presents the odds ratios for exposure in three periods after 
adjustment for age at interview, sex, educational level, hair color and 
tendency to burn. The odds ratios vary around 2. 
Table 6.2 shows the proportions of exposed cases and controls for two age 
groups (< 50 and > 50) and melanoma sites (intermittently exposed and 
chronically exposed) separately. For all three periods of life the differences 
between cases and controls are larger in the > 50 age group than in the < 50 
age group. Among cases with a melanoma on chronically exposed sites a 
larger proportion reported to be exposed than among the cases with a 
melanoma on intermittently exposed sites. 
TABLE 6.1 Odds ratios and 95% confidence intervals associated with 
intermittent sunlight exposure for three periods of exposure, based 
on 140 melanoma cases and 183 control patients 
Period of exposure 
Before 15 yrs of age 
Between 15 and 25 yrs 
After 25 yrs of age 
Odds ratio* (95% CI) 
1.82 (0.84-3.97) 
2.10 (1.21-3.63) 
2.08**(1.25-3.46) 
* Odds ratio adjusted for age, sex, educational level, hair color and tendency to burn 
** Odds ratios are based on the data of 135 cases and 178 controls, because 5 cases 
and 5 controls were younger than 25 years of age 
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TABLE 6.2 Proportions of cases and controls who reported sunbathing in 
three periods, by age group and by melanoma site 
Age: 
Body 
site: 
<, 50 years 
> 50 years 
intermittently 
exposed 
chronically 
exposed 
Period of exposure 
Before 15 yrs 
Cases 
18% 
9% 
10% 
20% 
Controls 
15% 
4% 
8% 
8% 
Between 15-25 yrs 
Cases 
57% 
28% 
40% 
55% 
Controls 
50% 
12% 
27% 
27% 
After 25 years 
Cases 
59% 
42% 
45% 
64% 
Controls 
51% 
25% 
35% 
35% 
Multivariate analyses for the two age (at interview) groups separately are 
shown in Table 6.3. In the < 50 age group the odds ratios for the three 
periods of exposure are smaller than 2. In the > 50 age group the odds ratios 
all exceed 2. With respect to the results according to melanoma site a similar 
pattern is observed (Table 6.4). Odds ratios for the intermittently exposed 
melanoma sites are smaller than 2, while the odds ratios for the chronically 
exposed sites are higher than 2. Because the patients with melanomas on 
chronically exposed sites were older than the patients with melanomas on 
other sites, a second analysis according to melanoma site was done for 
subjects under age 50 (Table 6.4). The odds ratios for intermittently exposed 
sites were again lower than those for chronically exposed sites. After 
restriction to younger persons with melanomas on intermittently exposed sites 
the odds ratios associated with exposure before age 15 and after age 25 were 
only slightly larger than 1. 
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TABLE 6.3 Number afeases and controls and odds ratios associated with intermittent sunlight exposure for two age groups 
Period of 
exposure 
Before 15 yrs 
Between 15-25 
After 25 yrs 
yrs 
< 50 years of age 
Cases 
83 
83 
78** 
Controls 
72 
72 
67** 
Odds ratio* 
(95% CI) 
1.84(0.69-4.90) 
1.77(0.85-3.67) 
1.60(0.76-3.25) 
> 50 years of age 
Cases 
57 
57 
57 
Contois 
111 
111 
111 
Odds ratio* 
(95% CI) 
2.51 (0.60-10.5) 
3.13(1.32-7.39) 
2.61 (1.25-5.47) 
* Odds ratio adjusted for age, sex, educational level, hair color and tendency to burn 
** Five cases and five controls were younger than 25 years of age 
TABLE 6.4 Odds ratios associated with intermittent sunlight exposure according to melanoma site 
Odds ratios* (95% CI) 
All patients Patients < 50 years of age 
Period of exposure Intermittently exposed 
sites (89/85** cases and 
183/178** controls) 
Chronically exposed 
sites (44 cases and 
183/178** controls) 
Intermittently exposed 
sites (55/51** cases 
and 72/67** controls) 
Chronically exposed 
sites (25 cases and 
72/67** controls) 
Before 15 yrs 
Between 15-25 yrs 
After 25 yrs 
1.45(0.57-3.71) 
1.82(0.95-3.49) 
1.92(1.02-3.60) 
2.86 (0.61-7.77) 
3.19(1.40-7.24) 
3.03 (1.39-6.62) 
1.17(0.36-3.82) 
1.73 (0.73^.10) 
1.30(0.56-3.00) 
2.77 (0.82-9.39) 
2.08(0.70-6.11) 
2.66(0.87-8.17) 
* Odds ratio adjusted for age, sex, educational level, hair color and tendency to burn 
** Four cases for whom melanoma site was known and five controls were younger than 25 years of age 
With respect to recall bias several types of exposure misclassification may be 
distinguished. Firstly, there may be better recall among exposed cases as 
compared to exposed controls, i.e. better sensitivity among cases than among 
controls. Secondly, among non-exposed cases spurious recall may be more 
frequent than among non-exposed controls, i.e. poorer specificity among cases 
as compared to controls.32 A third situation is better recall of exposure among 
exposed cases accompanied by elevated spurious recall among non-exposed 
cases. 
These three situations were studied in sensitivity analyses assuming a "true" 
odds ratio equal to 1. The observed odds ratios were specified as a function of 
case-control differences in sensitivity (Figure 6.1), and case-control 
differences in specificity (Figure 6.2). The effects on the observed odds ratios 
depend on the prevalences of exposure among controls P(E). These exposure 
prevalences differ according to period of life and according to age. Table 6.2 
shows that in the age group < 50 years 50% and 51% of controls reported to 
be exposed during adolescence and adulthood, respectively. In the older age 
group the exposure prevalences were 12% and 25%, respectively. For this 
reason the effects on the observed odds ratios were evaluated for exposure 
prevalences among controls of 50%, 30% and 10%. Results of the sensitivity 
analyses are summarized in Table 6.5. For example, if 50% of the controls 
are exposed an OR = 1.77 can be observed, if case-control differences in 
sensitivity or in specificity are 25% or if enhanced recall among exposed 
melanoma patients (a difference in sensitivity of 20%) is accompanied by 
spurious recall among non-exposed cases (a difference in specificity of 10%). 
If the prevalence of exposure is lower, the observed odds ratios are more 
easily biased by case-control differences in specificity than by differences in 
sensitivity. 
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FIGURE 6.1 Observed odds ratios plotted against case-control differences in sensitivity 
for three different exposure prevalences among controL·. It is assumed that the true odds 
ratio equals 1, the sensitivity among cases 100%. and the specificity among cases and 
controls is 100% 
Observed odds ratio 
~~~ Prevalence = 50% ~e~ Prevalence = 30.5 
-•— Prevalence - 10% 
1 Φ 
0% 10% 20% 30% 40% 
Case-control difference in sensitivity 
50% 
FIGURE 6.2 Observed odds ratios plotted against case-control differences in specificity 
for three different exposure prevalences among controls. It is assumed that the true odds 
ratio equals 1, the specificity among controls is 100%, and the sensitivity among cases 
and controls is 100% 
12 
1 1 
10 
9 
8 
7 
5 
4 -
3 -
2 
1 Φ 
Observed odds ratio 
— Prevalence = 5 0 % ^ 3 _ Prevalence = 30%. 
-*— Prevalence = 10% 
0% 10% 20% 30% 40% 
Case-control difference in specificity 
50% 
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TABLE 6.5 Results of sensitivity analyses assuming that the true odds ratio equals 1. The percentages of exposed controls were derived 
from Table 6.2, and the observed odds ratios from Table 6.3. The last four columns give the required case-control differences 
in sensitivity and specificity, given specific differences in specificity and sensitivity, respectively 
Age Period of Percentage Observed Required differences in Required differences in 
group exposure controls odds ratio sensitivity specificity 
exposed 
ûspec.= ûspec.= ûsens. = ôsens. = 
0%* 10%** 0 % ' 1 0 % ' 
¿ 5 0 y r s 15-25 yrs 50% 1.77 25% 20% 25% 20% 
> 5 0 y r s > 25 yrs 30% 2.61 > 50% 40% 35% 25% 
> 50 yrs 15-25 yrs 10% 3.13 > 50% 30% 15% 15% 
* Assuming there is no case-control difference in specificity 
** Assuming there is a case-control difference in specificity of10% 
1
 Assuming there is no case-control difference in sensitivity 
1
 Assuming there is a case-control difference in sensitivity of 10% 
DISCUSSION 
In this study the odds ratios associated with intermittent sunlight exposure, 
which were based on the information of all cases and controls, are similar to 
those reported in the literature. Analyses according to age group and 
melanoma site resulted in higher odds ratios in the > 50 age group and 
among cases with melanomas on chronically sunexposed body sites. 
Other studies were reviewed with special interest in results according to age 
category and according to melanoma site. Most studies included subjects with 
an age range 18-80 years. Only two studies were restricted to persons younger 
than 55 years of age.513 In both studies there were no differences between 
cases and controls in leisure time spent outdoors3 and measures of recreational 
exposure.15 Dubin et al12 and Weinstock et al33 reported odds ratios according 
to age categories. For overall sun exposure the odds ratio for subjects aged 60 
years or older was OR=6.68 compared to OR = 1.37 for subjects 20-39 years 
of age in the study of Dubin et al12 Weinstock et al measured intermittent 
sunlight exposure by bikini use (compared with use of one-piece swimsuits) at 
ages 15-20 years and found odds ratios OR = 1.2 and OR=3.4 for subjects < 
52 years and > 52 years of age, respectively.33 These observations are 
consistent with the finding in the present study, that odds ratios for older 
persons are higher than those for younger persons. 
Three studies14,33,33 mentioned odds ratios according to melanoma site. 
Walter et al noted that the effect of sun exposure appeared slightly greater for 
melanomas of the face, head, neck (OR=2.22) and arms (OR=2.29) 
compared with melanomas on the trunk (OR=1.91) and legs (OR = 1.01).14 In 
the study of Weinstock et al the odds ratio for all anatomic sites was 
OR = 1.8.33 When only trunk melanomas were included, the odds ratio 
diminished to OR=0.8 (95% CI: 0.3-2.6). For heavy versus light sunlight 
exposure in the last 20 years Cristofilini et al found an OR = 1.44 (95% CI: 
0.75-2.77) for melanomas on normally exposed sites versus an OR=0.25 
(95% CI: 0.13-0.47) for melanomas in normally unexposed sites.33 These 
results according to melanoma site are also consistent with the findings in the 
present study. 
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Recali bias 
The results according to age and melanoma site may be suggestive of recall 
bias: in older persons poorer recall of exposure may result in a higher 
potential for recall bias, and cases with melanomas on sunexposed body sites 
may have a stronger inclination to attribute it to sunlight than cases with other-
sited melanomas. The choice of cancer controls in the present study has the 
advantage that the controls, like the melanoma patients, have ruminated about 
possible causes of their disease and are more comparable with respect to their 
motivation to report suspected exposures. However, it does not exclude the 
possibility of recall bias related to sunlight exposure. 
It was evaluated whether the results from other published studies on the 
association between melanoma and sunlight exposure may have been 
influenced by recall bias. It is noteworthy that most studies did not consider 
the problem of potential recall bias at аИ.6 , 1 0·1 2 , 1 3 , 1 5 , 1 6 , 1 9 , 2 1 , 2 3 Blinding strategies 
mentioned by others were masking the hypothesis under study20,34 or keeping 
the interviewers unaware of the case-control status of the respondents.8·9,11,14 
There is, however, reason for serious doubt about the adequacy of these 
blinding procedures. Masking the hypothesis under study does not exclude the 
possibility, that the respondents themselves already assume that there is a 
relationship between sunlight exposure and skin cancer. For example, in the 
study of MacKie et al still 27% of the melanoma patients thought sunlight 
exposure might be related to their problem.34 Keeping the interviewers 
unaware of the case-control status of the respondents is frequently infeasible, 
because most melanoma patients are strongly inclined to reveal their disease to 
the interviewers. Walter et al examined the possible role of recall bias by 
interviewing persons with a suspicious pigmented lesion before diagnosis had 
been revealed.14 There were no differences in the answers between these 
patients and other cases who knew they had melanoma. However, this 
observation does not exclude recall bias, because the mechanisms responsible 
for misclassification of exposure among melanoma patients can be present 
among persons with pigmented lesions which are suspected to be malignant as 
well. 
However, theoretical sensitivity analyses indicated that case-control 
differences in sensitivity must be extremely large to produce the odds ratios 
observed for persons older than 50 years of age (Table 6.5). Therefore it 
seems unlikely that enhanced recall among melanoma patients is responsible 
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for inflation of the odds ratios. The required case-control differences in 
specificity (Table 6.5) are also considerably large. 
It can also be argued that, if recall bias is a major factor, it seems likely 
that an association would have been detected with cumulative sun exposure. 
This was not the case in this study: odds ratios for total sunlight exposure, 
which was obtained by summing up total recreational and occupational 
exposure to the sun, were lower than 1 for all subgroups. However, a 
consistent finding in the literature is that indoor workers have higher risks of 
melanoma than outdoor workers. The negative association with total sunlight 
exposure is probably explained by the negative association with outdoor work. 
With respect to occupational sunlight exposure recall bias is expected to play a 
minor role, because persons remember very well whether they usually work 
indoors or outdoors. 
Alternative explanations 
The presence of recall bias is not the only explanation for the results according 
to age and melanoma site, that must be considered. An alternative explanation 
for the higher odds ratios for melanomas among older persons and on 
chronically exposed sites could be, that a certain treshold amount of sunlight 
exposure must be passed before melanomas are induced. This explanation, 
however, seems to contradict the intermittent sunlight hypothesis, which is 
designed to explain the predominance of melanomas on intermittently exposed 
body sites. 
The stronger effect among older persons could also be explained by better 
recall among older persons. It may be hypothesized that among subjects aged 
> 50 sunbathing might have been less fashionable and hence more easily 
remembered than among the younger subjects (< 50) where it was extremely 
common and hence difficult to quantify. Under these circumstances recall bias 
would be expected to be quite small rather than large in the older age group. 
However, this argument does not provide an explanation for the stronger 
association of sunbathing with melanomas on chronically sunexposed body 
sites. 
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Conclusion 
Case-control studies show that intermittent sunlight exposure is most strongly 
associated with melanomas among older persons and with melanomas on 
chronically sunexposed body sites. A possible explanation for the findings is 
recall bias. However, theoretical sensitivity analyses indicate that considerable 
case-control differences in sensitivity and/or specificity are required. Based on 
this, recall bias may seem unlikely, but the alternative explanations are not 
very satisfactory either. The intermittent sunlight theory is designed to explain 
the predominance of melanomas on body sites that are usually covered by 
clothing. Therefore, the stronger association with melanomas on chronically 
sunexposed sites is unexpected. Unless this finding is caused by chance, it 
seems to challenge the intermittent sunlight hypothesis and therefore needs to 
be evaluated in other studies. 
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ABSTRACT 
This paper illustrates the use of kappas to correct for the attenuation of 
odds ratios by nondifferential misclassification of exposure. The method, 
which was proposed by Thompson, was applied in a recently performed 
case-control study of the association between intermittent sunlight 
exposure and cutaneous melanoma. The kappas resulted from a study of 
the reproducibility of classification of intermittent sunlight exposure in 
three periods of life, which was done among 30 participants to the 
case-control study. These kappas ranged from 0.53 to 0.70 while the 
exposure prevalences varied between 13% and 39%. The odds ratios 
obtained after correction for attenuation by use of the kappas were not 
much higher than the initial odds ratios. However, the use of kappas to 
correct for attenuation of odds ratios requires 1) the assumptions of no 
correlation of errors between the repeated measurements, and 2) the 
necessity to designate a sum of the sensitivity and specificity of 
classification. These assumptions may not reflect reality, but this cannot 
be verified. Because of this important drawback the use of kappas does 
not permit definite conclusions about the extent of nondifferential 
misclassification. 
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INTRODUCTION 
In case-control studies assessment of exposure is often based on recall of 
subjects during an interview and therefore misclassifícation of exposure is 
unavoidable. Two types of information bias can result. If the errors in 
classification are dependent on the case-control status, there is differential 
misclassifícation and the association under study can be under or 
overestimated. If the errors in classification are the same for persons with and 
without the disease, non-differential misclassifícation occurs and the bias is 
always in a predictable direction: the odds ratio will be attenuated.' 
Recently, Thompson discussed the relation between kappa as a measure of 
reproducibility of the exposure outcome and the attenuation of the odds ratio.2 
He demonstrated that under certain conditions a measure of reproducibility of 
classification of a binary exposure, Cohen's kappa coefficient, can be 
interpreted as a measure of validity, i.e. unbiasedness of the odds ratio. One 
important condition is that the errors between measurements are not correlated 
with each other. The implication of Thompson's paper is that in situations 
where a "gold standard" method of classification is not available, it is still 
possible to assess the degree of nondifferential misclassifícation and to correct 
for it. 
A study, in which the method proposed by Thompson is of interest, is the 
evaluation of the presumed relation between cutaneous malignant melanoma 
and sunlight exposure. Although sunlight exposure is considered an important 
risk factor for melanoma, odds ratios in most case-control studies do not 
exceed the value of 2.3 The measurement of past sunlight exposure is difficult 
and the matter is further complicated by the theory that not regular chronic 
exposure to the sun increases risk, but that so-called intermittent sunlight 
exposure, i.e. irregular bouts of intense exposure, is riskful.4,3 Measuring 
intermittency of exposure to the sun is a complicated issue, also because recall 
of past irregular sunlight exposure may be poor. Therefore, defenders of the 
sunlight theory justified the weak sunlight-melanoma associations by referring 
to the attenuating effect of nondifferential misclassifícation. Recall bias is not 
considered a critical issue by them, because the existence of such a bias would 
mean that the already weak associations are overestimations. The failure to 
observe strong relationships is attributed to nondifferential misclassifícation of 
exposure.3 In this context, the method proposed by Thompson might enable us 
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to evaluate this tentative argument and to assess the magnitude of the supposed 
attenuation. 
POPULATION AND METHODS 
The original case-control study 
A case-control study of risk factors for melanoma was performed in the 
eastern part of The Netherlands from September 1989 to December 1991. 
Eligible as cases were patients with a histologically confirmed melanoma. The 
control group consisted of patients with other malignancies not related to 
sunlight exposure: urogenital cancers, laryngeal cancer and (non) Hodgkin 
lymphomas. Both the melanoma patients and the control patients were 
registered by a population-based cancer registry. 
Information about intermittent exposure to sunlight and other risk factors for 
melanoma was obtained by use of a modified version of the questionnaire used 
in the Western Canada Melanoma Study. Intermittent exposure to sunlight 
prior to the diagnosis of cancer was measured by weekly hours of sunbathing. 
The questions referred to days with nice weather during the months 
May-September. Sunbathing was defined as staying in the sun with the 
intention of getting a tan. Exposure was recorded for three periods in life: 
before 15 years, between 15 and 25 years, and after 25 years of age. 
The histological melanoma types of interest were superficial spreading 
melanoma and nodular melanoma. Patients with lentigo maligna melanoma or 
acrolentiginous melanoma were excluded. All histopathologic slides of the 
melanomas were revised by one pathologist (DJR). Body exams for skin 
complexion and naevus counts were performed by the same observer (HG). 
The final analyses were based on data from 140 cases and 183 controls. 
Reproducibility study 
Thirty participants in the case-control study were interviewed twice. Their 
selection was based on willingness to participate to a second interview and, for 
practical reasons, on place of residence. The second interview was restricted 
to the questions of the first interview pertaining to past sunlight exposure. The 
period between the two interviews was 6 to 8 weeks. The interviews were 
done in the period April-December 1991. For each individual the test-retest 
data were obtained by the same interviewer. 
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Analyses 
For calculation of the odds ratios and the kappa coefficients intermittent 
sunlight exposure was treated as a dichotomous variable and denned as 
positive for persons who reported an average frequency of sunbathing of at 
least one hour a week. Crude odds ratios were calculated for the three periods 
of life separately. Odds ratios were adjusted for potential confounders by use 
of a multiple logistic regression model, including age at interview, sex, 
educational level, hair color and tendency to burn. 
Cohen's kappa coefficient (K) is a measure for observed agreement between 
measurements, which is corrected for agreement expected to occur by chance 
alone: 
Po-P
e 
κ = , 
i - P . 
where P0 is the observed proportion of agreement and Pe the expected 
proportion of agreement between the first and second measurement.6 
According to Thompson the kappa coefficient can be interpreted as an index 
of the correspondence between the observed, i.e. the attenuated odds ratio, 
and the odds ratio that would have been obtained, if there had been no 
nondifferential misclassification.2 Thompson proposed an index of validity 
(IOV) for quantifying the effects of nondifferential misclassification in terms 
of attenuation of the odds ratio: 
Attenuated odds ratio - 1 
IOV = [1] 
True odds ratio - 1 
This equation is appropriate for true odds ratios that are greater than 1.0. 
For odds ratios lower than 1.0 it has to be adapted. 
Under the assumptions that a) the errors during the first and second 
measurements are independent, b) the sensitivity and specificity of exposure 
classification are the same for cases and controls, i.e. nondifferential 
misclassification, and c) the true odds ratio is in the neighborhood of 1.0, the 
relationship between the index of validity and the kappa coefficient is: 
133 
Kappa 
IOV = [2] 
Sensitivity + Specificity - 1 
From these two equations it follows that the true odds ratio can be expressed 
as a function of kappa: 
(Attenuated OR - 1) (Sensitivity + Specificity - 1) 
True OR = + 1 [3] 
Kappa 
Not only kappa coefficients for exposure measurement are requested, but 
also estimates of the sensitivity and specificity of exposure classification. 
Because the actual values of sensitivity and specificity are unknown, an 
assumption has to be made about the sum of these classification probabilities.2 
We assumed two sums, namely 1.8 and 1.6. 
Besides the correction of odds ratios by the use of empirical kappas we also 
performed several theoretical sensitivity analyses.7 In these analyses the 
observed exposure frequencies among cases and controls were supposed to 
result from several combinations of imperfect sensitivity and specificity of 
exposure classification. Based on the assumption about a particular 
combination of sensitivity and specificity the true exposure frequencies and 
odds ratios were calculated. 
RESULTS 
Table 7.1 shows the crude and for potential confounders adjusted odds ratios 
associated with intermittent sunlight exposure in three periods of life. These 
odds ratios vary around 2. 
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TABLE 7.1 Crude and adjusted odds ratios for sunbathing in three periods of 
life, derived from a case-control study including 140 cases and 
183 controls 
Period of exposure 
Before 15 years 
Between 15 and 25 yrs 
After 25 years 
Crude odds ratio 
(95% CI)* 
1.87(0.93-3.77) 
2.27(1.42-3.61) 
2.02(1.28-3.17) 
Adjusted odds ratio** 
(95% CI) 
1.82 (0.84-3.97) 
2.10(1.21-3.63) 
2.08 (1.25-3.46) 
* 95% confidence interval 
** Odds ratio adjusted for potential confounders: age, sex, educational level, tendency 
to burn, and hair color 
Table 7.2 presents the kappa coefficients for sunbathing in three periods of life 
and the proportions of exposed subjects in the case-control and the 
reproducibility study. The kappas were 0.70, 0.60 and 0.53, while the 
corresponding exposure prevalences increased from 13% to 39%. The 
proportions of exposed persons in the reproducibility study were compared to 
the proportions exposed persons in the original case-control study. As can be 
seen in Table 7.2, in both populations the proportions of persons who reported 
sunbathing were very similar. 
Assuming a sum of sensitivity and specificity of 1.8, the odds ratios 
corrected for attenuation by use of equation [3] were OR =1.99 for exposure 
before the age of 15 years, OR=2.69 for exposure between ages 15 and 25 
years and OR=2.54 for exposure after the age of 25 years (Table 7.3). 
Table 7.3 also shows that when assuming a sum of the sensitivity and 
specificity of 1.6 the corrected odds ratios became lower. For intermittent 
sunlight exposure before the age of 15 years the odds ratio after correction for 
attenuation was even lower than before correction. 
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TABLE 7.2 Kappas for sunbathing in three periods of life, derived from the 
reproducibility study. Also presented are the proportions of 
exposed subjects (cases + controls) in the case-control and 
reproducibility study 
Period of 
exposure 
Before 15 years 
Between IS and 
25 yrs 
After 25 years 
Kappa for 
sunbathing* 
(standard error) 
0.70(0.16) 
0.60(0.19) 
0.53(0.17) 
Proportion exposed 
in case-control 
study (numbers) 
10.8% (35) 
34.8% (112) 
42.2% (132) 
Proportion exposed 
in reproducibility 
study (numbers) 
13.3% (4) 
30.0% (9) 
39.3% (11) 
* Sunbathing was dichotomized: ^ 1 versus < 1 hour per week 
TABLE 7.3 The crude odds ratios from the original case-control study, and 
the odds ratios corrected for attenuation by use of kappas from 
Table 7.2 
Period of exposure Crude odds ratio Corrected odds Corrected odds 
(95% CI)* ratio Sum = 1.8** ratio Sum = 1.6' 
Before 15 years 1.87(0.93-3.77) 1.99(0.92-4.17) 1.75(0.94-3.37) 
Between 15 and 25 yrs 2.27(1.42-3.61) 2.69(1.56-4.48) 2.27(1.42-3.61) 
After 25 years 2.02(1.28-3.17) 2.54(1.37-3.89) 2.15(1.32-3.46) 
* Sunbathing was dichotomized: > 1 versus < 1 hour per week 
** The crude odds ratios were corrected for attenuation by use of the kappas in Table 
7.2. The sum of sensitivity and specificity was assumed to be 1.8 
1
 Idem, the sum of sensitivity and specificity was assumed to be 1.6 
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TABLE 7.4 True odds ratios calculated assuming several combinations of sensitivity and specificity of exposure, applied on 
the observed exposure frequencies underlying the crude odds ratios in Table 7.1 
Period of exposure 
Before 15 years 
Between 15 and 25 yrs 
After 25 years 
Crude 
odds ratio 
1.87 
2.27 
2.02 
Corrected odds ratio 
(Table 7.3, sum = 1.8) 
1.99 
2.69 
2.54 
True odds ratios* 
Sens.= 85% 
Spec.= 95% 
3.15 
2.67 
2.38 
Sens.= 90% 
Spec.= 90% 
2.93 
2.44 
Sens.= 95% 
Spec.= 85% 
3.48 
2.59 
Sens.= 80% 
Spec.= 80% 
5.61 
3.45 
* Assuming a specific sensitivity (sens.) and a specific specificity (spec.) among both cases and controls 
Also presented are the results of the theoretical sensitivity analyses 
(Table 7.4). For values of specificity lower than 95% the corrected odds ratios 
for exposure before age 15 could not be calculated. The reason was that after 
correction for the supposed false-positive exposure classifications the already 
low number of exposed controls would become lower than zero. For values of 
sensitivity and specificity summing up to 1.6 the results contrast with those in 
Table 7.3. The corrected odds ratios markedly increase, while in Table 7.3 the 
odds ratios corrected by the use of kappas remained close to the original 
values. 
DISCUSSION 
According to Thompson, kappa coefficients reflect quite well how much the 
true odds ratio has been attenuated by nondifferential misclassification of a 
binary exposure variable. However, the use of kappas for this purpose 
requires several assumptions,2 which may not reflect reality. 
Firstly, the classification errors must be independent, i.e. the likelihood that 
the second assessments repeat the errors of the first must be small. This 
assumption is very important, because high reproducibility of classification 
does not guarantee high validity. For example, if the first measurement results 
in many errors in exposure classification and the same errors are made during 
the second measurement, reproducibility of classification is high, but the 
sensitivity and/or specificity of both measurements is still low. 
The assumption of independence of errors, however, can never be verified. 
The extent to which errors in the two interviews were correlated is unknown. 
A correlation of errors would result in an inflation of the kappa coefficient and 
thereby insufficient correction of the attenuation by nondifferential 
misclassification. In Table 7.2 it can be observed that the kappa for sunbathing 
before the age of 15 is highest, while the exposure prevalence in this period is 
lowest. This is surprising, because the kappa depends on the true prevalence 
of exposure and its value approaches 0 as the true prevalence approaches 0 or 
l.8 A high correlation of errors with respect to recall of sunbathing in 
childhood could explain this high value of kappa. This would mean that in 
reality the true odds ratio for sunbathing before age 15 is higher than 1.99 
(Table 7.3), which is also suggested by the results of the sensitivity analyses 
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in Table 7.4. With a sensitivity of 85% and a specificity of 95% the true odds 
ratio would already be 3.15. 
Secondly, although the use of kappas is presented as a method to assess the 
validity of odds ratios in the absence of a gold standard method of 
classification, this method still requires an assumption about the validity of 
exposure classification. However, by the necessity to designate a sum of the 
sensitivity and specificity it becomes questionable whether the use of kappas is 
preferable to the use of theoretical sensitivity analyses. Thompson advised to 
'designate some reasonable minimum value for the sum of sensitivity and 
specificity' to obtain a conservative correction.2 However, such a conservative 
correction prevents the investigator from arriving at the desired definite 
conclusion with respect to the real extent of attenuation of the association 
under study. 
Furthermore, it is puzzling that by use of the kappa-based correction for 
attenuation the correction becomes more conservative in case of larger 
misclassification probabilities (Table 7.3). In this respect, the results of the 
theoretical sensitivity analyses are more in keeping with the expectation: the 
discrepancy between the corrected and attenuated odds ratio becomes larger as 
sensitivity and/or specificity of exposure classification decreases, i.e. the 
degree of nondifferential misclassification becomes larger (Table 7.4). 
For application of the method proposed by Thompson the true odds ratio is 
assumed to be in the neighbourhood of 1. Thompson does give one example in 
which the effect of violation of this assumption is addressed. In case of a true 
value of 2.25, kappa-based correction yields a value of 2.20, indicating that 
the resulting bias may not be great. Whether this assumption implies 
non-applicability in situations in which the true odds ratio is supposed to be 
much larger, was not further discussed. 
Thus, while applying kappas to correct for a potential dilution of the 
sunlight-melanoma association, the assumption of independence of 
classification errors and the necessity to designate a sum of misclassification 
probabilities, turned out to be awkward obstacles to arriving at valid results. 
Only in case of low kappas, application of the method may give an indication 
of substantial attenuation of the odds ratio. However, the method still requires 
an arbitrary assumption about sensitivity and specificity. High kappas provide 
little information. They do not simply allow the conclusion that the extent of 
attenuation of the odds ratio was only small. There always exists the 
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possibility that the high kappas have resulted from a strong correlation of 
errors, in which case the correction for attenuation was too conservative. 
Therefore, we conclude that in the absence of perfect measurement of 
exposure theoretical sensitivity analyses remain the most straightforward and 
valid way to evaluate the potential impact of nondifferential misclassification 
of exposure. The kappa-based method has the virtue that it attempts to 
incorporate empirical information, but it depends on assumptions whose 
tenability is often a matter of considerable concern. 
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ABSTRACT 
Sunlight exposure is considered to be an important risk factor for 
melanoma, but the associations reported from most case-control studies 
are surprisingly weak. The aim of this study was to evaluate whether 
stronger effects of sunlight exposure can be found by distinction of 
background exposure to the sun and pigmentation characteristics. Both 
factors are assumed to influence susceptibility to sunlight exposure. A 
population-based case-control study was performed in the mideastern part 
of The Netherlands. The study included 140 patients with a histologically 
verified melanoma and 183 controls with other malignancies, registered by 
the same cancer registry. Patients with a lentigo maligna melanoma or an 
acrolentiginous melanoma were excluded. Information was collected by 
interviews and physical examinations. On the basis of occupational 
exposure to the sun subjects were categorised into indoor and outdoor 
workers. Pigmentation characteristics, which are known to be risk 
indicators for cutaneous melanoma, were summarised into one score for 
sun sensitivity. This score was used to distinguish between sun-sensitive 
and sun-resistant persons. Among indoor workers odds ratios associated 
with sunbathing, vacations to sunny countries, and sunburns were higher 
than those among outdoor workers. After stratification by sun sensitivity 
score, the effect of sunbathing, watersporting (swimming excluded), and 
sunburns were largest for sun-sensitive persons. The data show a general 
trend towards higher relative risks among indoor workers and sun-
sensitive individuals. The results of this study are compatible with the 
intermittent sunlight hypothesis. 
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INTRODUCTION 
Because of the dramatic rise in incidence of cutaneous melanoma in the last 
decades, this tumor has become a growing threat to public health. Nowadays, 
sunlight exposure is widely accepted as an important risk factor; however, 
most case-control studies reported inconsistent and surprisingly weak 
associations.1 In our opinion one of the reasons may be, that the association 
between sunlight exposure and melanoma risk has not usually been evaluated 
in the most relevant subgroups. The maximum effect of sunlight exposure is 
expected to occur in individuals by whom tanning is less easily attained. Such 
individuals are likely to be found mainly among indoor workers and among 
persons who have a sun-sensitive skin. 
This line of reasoning follows from the so-called 'intermittent sunlight 
hypothesis', which states that the sunlight-melanoma association is not 
straightforward; in particular, short bursts of intensive exposure to the sun 
(intermittent exposure) are considered to be riskful, whereas more regular, 
chronic exposure is believed to have a neutral or even protective effect.2,3 The 
model underlying this theory is, that ultraviolet radiation only leads to an 
increase of melanoma risk, if the skin is not yet accustomed to the sun. 
Tanning of the skin gives protection against sunlight and thereby decreases 
melanoma risk. 
The aim of this study is to evaluate the association between intermittent 
sunlight exposure and melanoma risk in subgroups, which differ with respect 
to the opportunity for gradual tanning. The associations are expected to be 
stronger among indoor as compared with outdoor workers and among sun-
sensitive as compared with sun-resistant subjects. 
POPULATION AND METHODS 
A case-control study of risk factors for the most common types of melanoma, 
superficial spreading melanoma and nodular melanoma, was performed in The 
Netherlands. Information on sunlight exposure and other risk factors was 
elicited by professional interviewers, who used a modified version of the 
questionnaire designed for the Western Canada Melanoma Study.2 The 
questionnaire inquired about exposure in three periods of life (before 15, 
between 15 and 25, and after 25 years of age). Because the results from other 
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studies suggested that exposure during early life is most important in the 
etiology of melanoma,2,3 exposure during childhood and adolescence seemed 
most relevant for this study. We decided to use the measures of sunlight 
exposure in the period between 15 and 25 years of age, because it is easier to 
remember exposure in this period than that in chidhood. 
In this study intermittent sunlight exposure was measured by four indices: 
participation to sunbathing; participation to watersporting, such as boating and 
fishing (swimming excluded); number of vacations spent in sunny countries; 
and history of sunburns. 
Subjects were categorised into indoor and outdoor workers on the basis of 
occupational sunlight exposure at ages 15-25 years. A distinction was made 
between subjects who ever worked outdoors and those who never worked 
outdoors. 
Information was also obtained about demographic variables, such as age, 
sex, and educational level, and about several pigmentation characteristics 
known to be associated with melanoma risk. Subjects were asked about their 
tendency to burn and their ability to tan. A physical examination of the 
respondents was performed by one dermatologically trained physician to get 
information about skin, hair and eye color, and degree of freckling. 
It is not clear which pigmentation characteristics are the best indicators of 
sensitivity to the sun and furthermore these variables appear to be highly 
correlated. Individuals with blond or red hair often have blue or gray eyes, a 
fair complexion, many freckles, and they burn easily and tan poorly. 
Therefore, we decided to construct a multivariate summary score for the 
important pigmentation variables. How to do this, was described by 
Miettinen.4 The score was obtained by a logistic regression function. In this 
function having a melanoma or not was the dependent variable, and 
pigmentation characteristics, such as tendency to burn, ability to tan, color of 
the skin, hair and eyes, and degree of freckling were the independent 
variables. The function was fitted to the entire set of subjects conditional on 
sunlight exposure. After derivation of the fitted scoring function its value was 
computed for each subject. According to the score a distinction was made 
between sun-sensitive versus sun-resistant persons. 
Both melanoma cases and control patients were selected from a regional 
cancer registry, the Comprehensive Cancer Center IKO, which covers the 
mideastern part of The Netherlands. Controls were patients with other types of 
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malignancies: urogenital cancers, laryngeal cancers or (non-) Hodgkin 
lymphomas. All patients were diagnosed in the years 1988-1990. 
In The Netherlands privacy rules are very strict. The eligible patients could 
only be contacted in an indirect way. The Comprehensive Cancer Center 
asked the attending physicians to invite their patients for participation to the 
study. From the eligible patients 175 cases with melanoma (80%) and 188 
controls (47%) agreed to participate. Based on histopathologic review by one 
pathologist 31 cases were excluded: four lesions were not considered to be 
melanomas and 27 melanomas were classified as lentigo maligna melanoma or 
acrolentiginous melanoma. Furthermore, body exams for skin complexion and 
nevus counts could not be performed in three cases and three controls. Two 
controls were not Caucasian. Thus, 141 cases and 183 controls remained for 
analysis. 
Odds ratios with 95% confidence intervals were calculated for all four 
indices of intermittent sunlight exposure after stratification of subjects by 
indoor and outdoor workers. Adjustment was made for age, sex, educational 
level, tendency to burn, hair color, and freckling by use of multivariate 
logistic regression models. In the models, the exposure indices were treated as 
dichotomous variables. Furthermore, the effect of intermittent sunlight 
exposure was evaluated separately for sun-sensitive and sun-resistant subjects. 
Hereby adjustment was made for age, sex, and educational level. 
RESULTS 
Table 8.1 presents the distributions among cases and controls of intermittent 
exposure indices, occupational exposure, and sun sensitivity scores. Patients 
with melanoma more frequently participated in sunbathing, and watersporting 
(boating, fishing). Furthermore, they more frequently had vacations in sunny 
countries and experienced sunburns more often. 
A greater proportion of cases had never worked outdoors at the ages 15-25 
years. The odds ratios associated with intermittent sunlight exposure, adjusted 
for age, sex, educational level, tendency to burn, hair color, and freckling, 
varied from 1.43 to 2.16. Outdoor workers had a significantly decreased 
melanoma risk relative to indoor workers (OR=0.57). 
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TABLE 8.1 Distribution among cases and controls of intermittent sunlight exposure indices, occupational sunlight exposure 
and sun sensitivity score 
Exposure Cases Controls Crude odds ratio Adjusted** odds ratio 
(95% CI)* (95% CI)* 
% (N) % (N) 
Intermittent exposure indices 
sunbathing 45.3% 
watersporting 13.0% 
vacations to sunny countries 36.4% 
sunburns 58.9% 
Occupational exposure: 38.3% 
ever vs. never outdoors 
Sun sensitivity score 68.1 % 
> 0.265 versus < 0.265· 
* CI = confidence interval 
** Adjusted for age, sex, educational level, tendency to burn, hair color, and freckling 
• A score > 0.265 means that the probability of melanoma, given the individual pigmentation characteristics, exceeds 0.265 
(63) 
(18) 
(51) 
(83) 
(54) 
26.8% 
6.0% 
20.8% 
32.2% 
51.4% 
(49) 
(11) 
(38) 
(59) 
(94) 
2.27(1.42-3.61) 
2.33(1.08-5.03) 
2.19(1.34-3.57) 
3.01 (1.92^.72) 
0.59 (0.36-0.97) 
2.16(1.22-3.81) 
1.60(0.66-3.87) 
1.43(0.75-2.74) 
2.10(1.23-3.56) 
0.57 (0.33-0.98) 
(96) 36.8% (67) 3.66 (2.32-5.78) 4.05 (2.48-6.62) 
The sun sensitivity score represents the probability of melanoma given the 
pigmentation characteristics of the individual under study. Based on the score 
subjects were divided into two groups: sun-sensitive persons with a score > 
0.265 and sun-resistant persons with a score < 0.265. Among the cases 68% 
fell in the sun-sensitive category versus only 37% of the controls (Table 8.1). 
The (adjusted) risk of melanoma of sun-sensitive relative to sun-resistant 
persons was 4.05 (95% CI: 2.48-6.62). The distribution of pigmentation 
characteristics among both groups is presented in Table 8.2. 
TABLE 8.2 Distribution of pigmentation characteristics among cases and 
controls within strata of sun sensitivity 
Pigmentation 
characteristic 
Light skin color 
Red or very fair hair 
Blue eyes 
Many freckles 
Tendency to burn 
Ability to tan 
Sun sensitivity score 
<. 0.265* 
Cases 
% 
2.2% 
2.2% 
40.0% 
6.7% 
15.6% 
26.7% 
Controls 
% 
4.4% 
0.0% 
51.3% 
6.1% 
11.3% 
20.0% 
Sun sensitivity 
> 0.265 
Cases 
% 
37.5% 
22.9% 
39.6% 
64.6% 
66.7% 
57.3% 
score 
Controls 
% 
28.4% 
19.4% 
40.3% 
50.8% 
65.7% 
49.3% 
* A score ^ 0.265 means that the probability of melanoma, given the individual 
pigmentation characteristics, is lower than or equal to 0.265 
Table 8.3 shows, that the odds ratios associated with the indices for 
intermittent exposure were higher for persons who never worked outdoors as 
compared to those observed among outdoor workers. For sunbathing among 
indoor workers an odds ratio was observed of OR=3.71 (95% CI: 1.77-7.81), 
while for outdoor workers the odds ratio was 0.76 (95% CI: 0.28-2.07). For 
having spent vacations in sunny countries the same pattern was found: an odds 
ratio of 2.05 for indoor workers as compared with an OR=0.70 for outdoor 
149 
TABLE 8.3 Odds ratios (with 95% confidence intervals) associated with 
indices of intermittent sunlight exposure between 15 and 25 years 
of age according to occupational exposure: indoor versus outdoor 
work during this period. The odds ratios were adjusted for age, 
sex, educational level, tendency to bum, hair color and freckling 
Index of intermittent sunlight 
exposure 
Never worked 
outdoors 
Odds ratio 
(95% CI)* 
Ever worked 
outdoors 
Odds ratio 
(95% CI)* 
Sunbathing 
Watersporting 
Vacations to sunny countries 
History of sunburns 
3.71 (1.77-7.81) 
1.34(0.44-4.01) 
2.05 (0.90-4.68) 
2.41 (1.21-4.79) 
0.76 (0.28-2.07) 
1.72 (0.30-9.82) 
0.70 (0.22-2.29) 
2.05 (0.83-5.06) 
* 95% CI = 95% confidence interval of the odds ratio 
TABLE 8.4 Odds ratios (with 95% confidence intervals) associated with 
indices of intermittent sunlight exposure between 15 and 25 years 
of age according to sun sensitivity score: sun-sensitive versus 
sun-resistant persons. The odds ratios were adjusted for age, sex, 
and educational level 
Index of sunlight exposure Sun-sensitive 
individuals 
Odds ratio 
(95% CI)* 
Sun-resistant 
individuals 
Odds ratio 
(95% CI)* 
Sunbathing 
Watersporting 
Vacations to sunny 
countries 
History of sunburns 
2.24(1.03-4.90) 
5.87 (1.20-28.8) 
1.11 (0.46-2.66) 
3.10(1.48-6.49) 
1.60(0.67-3.79) 
0.54(0.10-2.82) 
2.01 (0.80-5.06) 
1.88(0.86-4.11) 
CI = 95% confidence interval of the odds ratio 
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workers. For watersporting and a positive history of sunburns odds ratios were 
increased for both indoor and outdoor workers. 
In Table 8.4 the results are presented after stratification by sun sensitivity. For 
three of the four indices of intermittent exposure the sun-sensitive persons had 
higher odds ratios than those who were more sun-resistant. Among the sun-
sensitive individuals the odds ratios were: 2.24 for sunbathing, 5.87 for 
watersporting, and 3.10 for history of sunburns. For having spent vacations in 
sunny countries the relative risk was higher for sun-resistant persons. None of 
the differences between sun-sensitive and sun-resistant persons were 
significant, as was indicated by the 95% confidence intervals which show 
considerable overlap. 
DISCUSSION 
Although not totally consistent, the data show a general trend towards higher 
relative melanoma risks among indoor workers and sun-sensitive individuals. 
Review of other studies with respect to modification of melanoma risk by the 
opportunity for gradual tanning reveals, that only a few studies paid attention 
to this interesting aspect of the intermittent sunlight theory.2,3,3·6 
To our knowledge the effect of occasional sunlight exposure has never been 
evaluated separately among indoor and outdoor workers. Holman et al3 and 
Weinstock et al3 measured intermittency of exposure by restriction of the 
analyses to melanomas on the trunk. They reasoned that in comparison with 
other body sites trunk exposure is more likely to be received in concentrated 
bursts. Holman et al found an odds ratio of 12.97 (1.95-83.94) associated with 
use of two-piece swimsuits or bathing nude at ages 15-24 years compared with 
use of one-piece swimsuits.3 Weinstock et al, however, failed to confirm this 
strong site-specific association between trunk melanoma risk and use of two-
piece bathing suits; they reported an odds ratio of O.8.3 Holman et al also 
constructed a variable recreational exposure as proportion of total outdoor 
exposure. This variable, which measured the concentration of outdoor 
exposure in leisure time, showed little evidence of an association with 
melanoma risk.3 
Modification of sunlight exposure by sun sensitivity was considered by four 
studies.2,3,3,6 Both Weinstock et al3 and Dubin et al6 found higher risks of 
melanoma among sun-sensitive compared with more sun-resistant persons. 
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Holman et al3 found interactions between sun exposure habits and skin 
reaction to sunlight that were difficult to interpret. Elwood et al2 reported 
results that are similar to those observed in the present study: increased risks 
associated with sunbathing and watersporting in constitutionally high-risk 
groups, but the association with number of vacations was higher in low-risk 
subjects. 
Compared with the control patients, the melanoma patients were younger, 
higher educated, more often blond and freckled, and they burnt more easily. 
Therefore, the odds ratios for indoor and outdoor workers were adjusted for 
these confounding variables. 
To evaluate the modification of the effect of sunlight exposure, Dubin et al. 
evaluated odds ratios according to various pigmentation variables. Tanning 
ability was the only variable for which consistent patterns were observed.6 
Elwood et al. divided the subjects into groups on the basis of their melanoma 
risk as conferred by hair color, skin color, and history of freckles.2 We used a 
multivariate summary score for various important pigmentation characteristics. 
Whether the scoring function, which was used in the present study, was 
adequate and the stratification tight enough, was checked. In Table 8.2 it can 
be seen that within each statum of sun sensitivity cases and controls are 
comparable with respect to the pigmentation characteristics incorporated into 
the sun sensitivity score. For example, among the category with a score 
> 0.265 frequencies of red or very fair hair are very similar for cases and 
controls: 22.9% versus 19.4%. Only with respect to the presence of many 
freckles a difference in proportions of more than 10% was observed between 
sun-sensitive cases and controls. Thus, the higher odds ratios among the sun-
sensitive group cannot be explained by residual confounding due to large 
differences in pigmentation characteristics between cases and controls within 
the strata. 
Drawbacks of the present study are the low response rate among controls 
(47%) and the lack of statistically significant results. The control patients or 
their attending physicians were less motivated to participate, probably because 
the study was presented as a study of risk factors for skin cancer. The 
consequences for the risk estimates depend on the reasons for non-response. If 
the main reason was that the attending physicians failed to invite their patients 
to participate, the selection did not depend on exposure. On the other hand, if 
any selection dependent on previous sunlight exposure did occur, it is expected 
to bias the risk estimates for all subgroups in the same direction. It is very 
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unlikely that the poor response of controls has been responsible for the 
observed differences between subgroups. 
The present study does not allow definite conclusions about the modification 
of the effect of sunlight exposure by type of work and sun sensitivity. All 95% 
confidence intervals around the risk estimates for the compared subpopulations 
are overlapping. Yet the trend is towards higher odds ratios among indoor 
workers and sun-sensitive individuals. Remarkable is the higher odds ratio 
associated with vacations in sunny countries among sun-resistant persons 
(OR=2.01 compared with OR=l . l l among sun-sensitive persons), a result 
which was also observed by Elwood et al2 The explanation that this 
unexpected finding is due to chance is tempting. 
The objective of this study was to address a number of factors which Dubin 
et al6 considered partly responsible for the inconsistency of published results. 
It distinguished (a) chronic from intermittent sunlight exposure, (b) host 
characteristics that influence susceptibility to sunlight exposure, (c) the age at 
which exposure is believed to be most critical, and (d) histologic subtypes 
(lentigo maligna melanomas and acrolentiginous melanomas were excluded). 
In this regard the study can be seen as a serious attempt to clarify the 
intermittent sunlight theory. It confirms the expectations that are raised by this 
theory: the associations between occasional sunlight exposure and melanoma 
risk are stronger among indoor workers and subjects who have a sun-sensitive 
skin. 
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ABSTRACT 
The hypothesis was examined whether carcinogens in water, for instance 
chlorination by-products, may play a role in the development of cutaneous 
melanoma. In a case-control study, 127 melanoma patients and 
166 patients; with other types of malignancy completed a detailed 
questionnaire on leisure time activities in three periods in life. All relative 
risk estimates were adjusted for age, sex, educational level, pigmentation 
characteristics, and sunlight exposure habits. With respect to number of 
swimming certificates a dose-response relation was observed: compared 
with persons who had no certificates odds ratios of 1.21 and 2.61 were 
found for persons with 1 or 2, and 3 or more certificates, respectively. 
Melanoma patients also learned swimming at a younger age. Compared 
with those who never learned swimming, the odds ratio was 0.81 for 
persons who learned swimming after age 8, whereas the odds ratio 
increased to 2.48 when swimming was learned before that age. Regular 
swimming in indoor and outdoor swimming pools, and in open waters, 
such as rivers, canals, and seas, before the age of 15 years was associated 
with increased risk. Swimming in relatively less polluted waters, such as 
lakes and fens, did not increase melanoma risk. The positive association 
between a history of frequent swimming and melanoma risk suggests that 
carcinogenic agents in water, possibly chlorination by-products, play a 
role in melanoma carcinogenesis. 
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INTRODUCTION 
Factors other than sunlight exposure may play a role in the aetiology of 
cutaneous melanoma. Incidence rates for melanoma are highest in Australia 
and the southern parts of the United States,1 which suggests that sunlight 
exposure is the dominant risk factor. However, it seems questionable whether 
increased exposure to sunlight solely accounts for the doubling of incidence 
every decade. The odds ratios for sunlight exposure reported in case-control 
studies are relatively low.2 Consistent dose-response relations with melanoma 
risk have not been found. Many melanoma patients maintain that they never 
had sunburns.3 Because of these controversies with respect to the sunlight 
theory, we looked for other risk factors for melanoma. 
Sunlight exposure is not the only factor in which life-style in sunny regions 
differs from that in more temperate zones. For obvious reasons aquatic sports 
are practised more intensively in hot than in chilly climates. Participation to 
these recreational activities may involve exposure to carcinogenic agents in 
water. Open waters nowadays are heavily polluted, especially with chlorine 
compounds. Swimming pools are usually decontaminated by chlorination with 
sodium hypochlorite. Sodium hypochlorite has been shown to be mutagenic in 
the Ames test and other mutagenicity tests.4 Chlorine is very reactive towards 
natural organic substances in water (humic materials, proteins, aminoacids)5"7 
and many of these chlorination by-products are mutagenic.6·*"9 
We hypothesized that water pollution may be an additional risk factor for 
cutaneous melanoma.10 To test this hypothesis it was evaluated whether 
swimming in various types of water increases the risk of melanoma. 
METHODS 
In a population-based case-control study, patients with a cutaneous melanoma 
and control patients with other types of malignancy were compared with 
respect to swimming activities before age 15, at ages 15-25, and after age 25 
years. Both melanoma cases and controls were registered by the 
Comprehensive Cancer Centre IKO which covers the mideastern part of The 
Netherlands. All malignancies were diagnosed during 1988-1990. Response 
rates were 80% among cases and 47% among controls. Because the interest 
was in the aetiology of superficial spreading melanoma and nodular 
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melanoma, patients with a lentigo maligna melanoma or acrolentiginous 
melanoma were excluded. The control group consisted of patients with 
urogenital cancers (65%), (non-) Hodgkin lymphomas (24%) and laryngeal 
carcinomas (11%). 
All respondents completed a questionnaire on their leisure time activities 
including sun exposure habits and aquatic sports. To obtain information about 
the intensity of swimming activities the subjects were interviewed about the 
age at which they learned swimming, the number of swimming certificates, 
and membership of swimming clubs. Furthermore, they were asked about 
frequency of swimming in several types of water: in- and outdoor swimming 
pools, and open waters. We distinguished between relative severely polluted 
open waters such as rivers, canals, and seas, and less polluted waters such as 
lakes and fens. Detailed information about swimming characteristics was 
obtained for 127 cases and 166 control patients. 
To be able to adjust for the effect of other risk factors the questionnaire also 
inquired about demographic variables, tendency to burn, ability to tan, and 
indices for sunlight exposure habits, such as number of sunburns, number of 
holidays to sunny countries, and the average weekly number of hours of 
sunbathing during summer months. Sunbathing was defined as sitting or laying 
in the sun with the intention of getting a tan. Physical examination of the 
participants was also accomplished and included assessment of skin, hair and 
eye colour, degree of freckling, and number of naevi on the back. 
For each swimming characteristic an odds ratio with a 95% confidence 
interval was computed by use of univariate analyses and by multiple logistic 
regression analyses." The logistic models included potential confounding 
factors such as age, sex, educational level as index of socioeconomic status, 
hair colour, freckling, tendency to burn, and an index for sunlight exposure. 
Number of naevi was not seen as a confounder, but as a possible intermediate 
factor and therefore not included in the models. Furthermore, the effects of 
the various swimming characteristics were evaluated separately for two age 
groups: < 50 years and > 50 years. This was done to assess the impact of 
possible inadequate recall among older persons. 
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RESULTS 
Patients with melanoma more frequently reported swimming activities before 
age 15 than control patients. Table 9.1 summarises the prevalence of 
exposures among cases and controls and the corresponding odds ratios. 
Melanoma cases learned swimming more often at younger ages. Compared 
with persons who never learned swimming, the odds ratios were 2.83 for 
those who learned swimming after age 8, and 4.06 for those who learned it 
before that age. Odds ratios also increased with increasing number of 
swimming certificates: 1.82 for 1 or 2 certificates versus none and 3.96 for 3 
or more certificates versus none. Membership affiliation to a swimming club 
for more than 2 years was also associated with increased risk (OR=1.55). 
During childhood melanoma patients participated more often in swimming 
in outdoor swimming pools (OR=2.22), and indoor swimming pools 
(OR = 1.98). The crude relative risk for swimming in rivers, canals, or seas 
was also elevated (OR = 1.52). Swimming in lakes or fens was not associated 
with increased risk (OR=0.88). After adjustment for differences in age, sex, 
educational level, hair colour, freckling, tendency to burn, and sunlight 
exposure habits the odds ratios in general became somewhat lower 
(Table 9.1). The odds ratio for learning to swim before the age of 8 decreased 
from 4.06 to 2.48, and the risk associated with 3 or more swimming 
certificates decreased from 3.96 to 2.61, but the adjusted odds ratios remained 
statistically significant (a=0.05). The odds ratios associated with swimming in 
the specific types of water became: 1.39 for swimming in outdoor swimming 
pools, 1.58 for swimming in rivers, canals, or seas, 1.34 for swimming in 
indoor pools, and 0.49 for swimming in lakes or fens. 
With respect to swimming in other periods of life, the adjusted odds ratios 
were only increased for swimming in swimming pools (OR = 1.39 for 
swimming in outdoor pools and OR = 1.27 for swimming in indoor pools) at 
ages 15-25 years. 
Odds ratios for swimming in rivers, canals, or seas at ages 15-25 and after 
25 years were 1.09 and 0.94, respectively. 
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TABLE 9.1 Distribution of swimming activities before age 15 among 127 cases with cutaneous melanoma and 166 control 
patients with other types of malignancies, and odds ratios with corresponding 95% confidence intervals 
Swimming characteristics 
Age at which swimming was learned (vs. never) 
> 8 years 
1-8 years 
Number of swimming certificates 
1 or 2 vs. none 
^ 3 vs. none 
Swimming club membership 
> 2 years 
Outdoor swimming before age 15 
in swimming pools 
in rivers, canals, or seas 
in lakes or fens 
Indoor swimming before age 15 
Percentage of 
cases 
43.3% 
45.7% 
38.3% 
18.0% 
10.2% 
49.6% 
34.7% 
15.8% 
38.6% 
Percentage of 
controls 
40.7% 
29.9% 
30.4% 
6.6% 
6.6% 
30.7% 
25.9% 
17.5% 
24.1% 
Crude odds ratio 
(95% CI)* 
2.83(1.42-5.64) 
4.06 (2.00-8.26) 
1.82(1.02-3.25) 
3.96(1.53-10.24) 
1.55(0.67-3.59) 
2.22(1.38-3.57) 
1.52(0.92-2.51) 
0.88(0.47-1.65) 
1.98(1.20-3.27) 
Adjusted** odds ratio 
(95% CI)* 
0.81 (0.46-1.43) 
2.48(1.09-5.66) 
1.21 (0.68-2.14) 
2.61 (1.07-6.30) 
1.16(0.46-2.92) 
1.39(0.79-2.46) 
1.58 (0.88-2.85) 
0.49(0.23-1.02) 
1.34(0.74-2.41) 
* CI = confidence interval 
** Adjusted for age, sex, educational level, hair colour, freckling, tendency to burn, and sunlight exposure 
TABLE 9.2 Distribution of swimming activities before age 15 among 127 cases with cutaneous melanoma and 166 control 
patients with other types of malignancies, and odds ratios with corresponding 95% confidence intervals 
according to age group 
Age <, 50 years Age > 50 years 
Swimming characteristics Cases Controls Adjusted* odds Cases Controls Adjusted odds 
ratio (95% CI)' ratio (95% CI)** 
Age at which swimming was learned 
(vs. never) 
> 8 years 
1-8 years 
Number of swimming certificates 
1 or 2 vs. none 
ä 3 vs. none 
Swimming club membership 
> 2 years 
Outdoor swimming before age 15 
in swimming pools 
in rivers, canals, or seas 
in lakes or fens 
Indoor swimming before age 15 
43.8% 
48.8% 
42.5% 
20.0% 
11.3% 
58.8% 
27.5% 
46.3% 
43.6% 
48.4% 
43.6% 
12.9% 
12.9% 
55.7% 
27.9% 
34.4% 
0.91 (0.43-1.96) 
0.99 (0.24-4.06) 
0.93 (0.42-2.08) 
1.82(0.61-5.46) 
1.05(0.35-3.16) 
101 (0.47-2.16) 
1.01 (0.44-2.35) 
2.01 (0.92-4.39) 
42.6% 
40.4% 
31.3% 
14.6% 
8.3% 
34.0% 
46.8% 
25.5% 
39.1% 0.64(0.26-1.59) 
19.1% 4.30(1.43-12.9) 
22.6% 1.46(0.63-3.38) 
2.8% 4.95(1.07-22.9) 
2.8% 2.41 (0.43-13.5) 
16.2% 2.18(0.92-5.17) 
24.8% 2.32(1.02-5.28) 
18.1% 0.76(0.28-2.01) 
* Adjusted for age, sex, educational level, hair colour, freckling, tendency to burn, and sunlight exposure 
** 95% CI = 95% confidence interval 
Stratification according to age group yielded the results in Table 9.2. Adjusted 
odds ratios were generally higher in the > 50 age group. In the younger age 
group most odds ratios were close to 1 with exception of the odds ratios for 3 
or more swimming certificates (OR = 1.82) and indoor swimming (OR=2.01). 
DISCUSSION 
Swimming characteristics, such as learning to swim at a young age and 
number of swimming certificates, are strongly associated with melanoma risk 
in this study. Swimming before the age of 15 years had the strongest effects 
on melanoma risk, whereas for swimming in the other periods of life most 
odds ratios varied around the value of 1 with exception of swimming in 
swimming pools at ages 15-25 years. These results suggest that persons, who 
regularly indulged in swimming activities, have an increased risk of cutaneous 
melanoma and that in particular exposure at young age is most critical for 
induction of melanomas. 
After adjustment for other risk factors increased odds ratios were observed 
for swimming in indoor and outdoor swimming pools and for swimming in 
open waters such as rivers, canals, and seas. Swimming in lakes or fens 
seemed to be protective (Table 9.1). Specification by type of swimming water 
was made in order to be able to study the effect of possible differences in 
carcinogenic properties. Swimming pools are usually decontaminated by 
chlorination with sodium hypochlorite. Rivers, canals, and seas contain large 
quantities of pollutants among which chlorine, that is widely used in the 
treatment of industrial cooling and sewage water. Other open waters such as 
fens or lakes are relatively less polluted by industrial waste discharges. In this 
study, swimming in lakes or fens was consistently associated with decreased 
relative risk, while swimming in other open waters and swimming pools 
increased the risk of melanoma. 
The skin pigmentary system seems to be a suitable target organ for chlorine 
compounds or chlorinated by-products having oxidizing characteristics.12 
Césarini reported that especially pheomelanins, a subclass of melanins which 
predominates in persons with red or blond hair, are subject to environmental 
oxidizing events.13 
There is some evidence from the literature that chlorinated water has 
carcinogenic properties and can cause melanoma. Environmental chemicals 
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from waste discharges, especially chloroacetones, have been found to induce 
pigment cell neoplasia in fish.14 In a recent study from Norway it was 
examined, whether chlorination of drinking water was associated with cancer 
of the digestive tract or other organs. The authors distinguished between 
non-chlorinating, partly chlorinating, and chlorinating municipalities and found 
that the melanoma incidence rates consistently and significantly increased with 
increasing chlorine level.15 
Two other studies have addressed the association between swimming and 
melanoma risk.16"17 Holman et al found an odds ratio of 1.14 (95% CI: 
0.72-1.82) for swimming once or more per week.16 0sterlind et al reported an 
odds ratio of 1.3 (95% CI: 1.0-1.6) for ever versus never swimming and an 
odds ratio of 1.5 (95% CI: 1.2-2.0) for duration of swimming of more than 24 
years.17 These authors regarded swimming as an indicator of recreational 
sunlight exposure and did not distinguish between types of swimming water. 
In the present study, relative risks were evaluated separately for two age 
groups to assess whether recall bias could be responsible for artificial inflation 
of odds ratios. The potential for recall bias may be greater, if recall of 
exposure is poorer.18 Odds ratios were generally higher for persons who were 
older than 50 years (Table 9.2). However, a strong argument against recall 
bias is the high odds ratio associated with number of swimming certificates. It 
is very unlikely that persons do not accurately recall how many swimming 
certificates they have. 
The response rates in this study were 80% among cases and only 47% 
among controls. In case of low response rates the potential for selection bias 
must be seriously considered. Overestimation of odds ratios could have 
occurred in two ways: by overestimating the frequency of swimming among 
cases (due to selective participation of swimming cases) or by underestimation 
of the frequency among controls (due to selective participation of 
non-swimming controls). The latter explanation seems implausible, because 
there is no obvious reason why non-swimming controls would have been 
better motivated to participate in a study of risk factors for melanoma. To 
assess the potential effect of selective participation of melanoma cases we 
re-calculated the odds ratio, provided all 32 non-participating cases had no 
swimming certificates. Then the crude odds ratio for 3 or more certificates 
would still be increased: OR=2.52 (95% CI: 0.99-6.39). Thus, selection bias 
is unlikely to explain the increased odds ratios. 
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The odds ratios for the various swimming characteristics were adjusted for 
other risk factors for melanoma. Melanoma patients were younger, better 
educated, and more often blond or freckled. They more often participated in 
sunbathing. After correction for these factors, the odds ratios slightly 
decreased, but remained elevated. Adjustment for other sun exposure habits 
such as positive sunburn history, vacations to sunny resorts, and attitude 
toward sunbathing (taking pleasure in worshipping the sun or not) yielded 
similar results. We are aware of the problem that, given the frequent 
association of recreational water exposure with sunlight exposure, it is 
inherently difficult to assess the unconfounded association. Only few subjects 
recorded intentional sunbathing before age 15, but while playing outside, 
ultraviolet exposure is unavoidable. Swimming in indoor swimming pools was 
associated with increased risk, but this result does not exclude sunlight 
exposure as a risk factor. From the persons who recorded indoor swimming, 
85.4% also reported outdoor swimming. Thirteen persons reported only 
indoor swimming. We further tried to unravel the effects of sunlight and water 
exposure by asking 129 subjects about their preference with respect to 
recreational beach activities. Cases more often had a preference for 
swimming, but also preferred sunbathing more often than controls. So, these 
results were not very informative either. On the other hand, the decreased 
relative risks for swimming in lakes or fens, which are relatively less polluted 
by industrial waste discharges, lend support to the theory that carcinogens in 
water induce melanomas. 
One could argue that the hypothesis, that carcinogenic agents in water cause 
melanomas, is challenged by the body site distribution of these tumours. 
Melanomas are not equally distributed from scalp to toes, but predominantly 
occur on body sites that are usually covered by clothing." However, this 
argument does not hold, if one assumes that the distribution is primarily 
determined by the presence of precursor naevi rather than by site-specific 
exposure to environmental carcinogens. An equal body distribution of 
melanoma is not likely to occur, since the distribution of naevi is unequal.20 If 
anything, the distribution pattern of cutaneous melanoma is more in keeping 
with the water pollution theory than with the sun exposure theory. Melanomas 
do occur on the hairy scalp and the genitals, body sites where exposure to the 
sun is minimal or absent. 
In conclusion, the results of this study point to carcinogenic agents in water, 
possibly chlorination by-products, as serious candidates in the aetiology of 
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cutaneous melanoma. Although it is inherently difficult to validly assess the 
effect of water exposure independently of sunlight exposure, increased risks 
for contact with chlorinated water are consistent with other findings in the 
literature and can be biologically explained. There is a dose-response relation 
between melanoma risk and number of swimming certificates, and people who 
learned swimming at a young age have an increased melanoma risk. The odds 
ratios remain elevated after adjustment for other risk factors, including sun 
behavior characteristics. 
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ABSTRACT 
Several studies have reported excesses of melanoma risk in specific 
industries. Data of a case-control study in The Netherlands, including 
140 cases with a cutaneous melanoma and 181 controls with other types of 
malignancy, were used to evaluate, whether the reported associations with 
these specific industries could be reproduced. Hereby, adjustment for 
pigmentation characteristics and sunlight exposure was made. Increased 
risks of cutaneous melanoma were observed for subjects who had ever 
worked in the electronics industry (OR=2.03, 95% CI: 0.63-6.62), in the 
metal industry (OR=2.61, 95% CI: 0.96-7.10) and in the transport and 
communication branch (OR=1.92, 95% CI: 0.84-4.35). These odds ratios 
were adjusted for age, sex, educational level, hair colour, tendency to 
burn, freckling, and sunlight exposure. No increased risks were seen for 
workers in the chemical industry, the textile industry, and among health 
care workers. Analyses according to duration and latency of exposure did 
not give consistent results, but any existent pattern may be clouded by the 
imprecision of the estimates. 
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INTRODUCTION 
Incidence of cutaneous melanoma has been increasing rapidly in the last 
decades. A doubling of incidence every decade is observed.1 Sunlight exposure 
is considered to be the most important environmental risk factor, but exposure 
to occupational hazards may also play a role in the etiology. In recent years 
several melanoma clusters have been reported to occur in certain industries, 
such as the petrochemical,2 chemical,3"7 electronics,^10 and vinyl chloride and 
rubber industries.""13 Increased risks have also been reported for workers in 
the printing industry,1413 textile industry,16 and the manufacture of synthetic 
fibers.17 A few case-control studies reported increased odds ratios associated 
with exposure to specific chemicals, such as organic chemicals18 and cutting 
oils.19 Magnani et al found an increased risk in "furnace, forge, foundry, and 
rolling mill workers" and for exposure to lead and mercury compounds.20 
Other occupational groups, in which more or less consistently increased 
melanoma risks have been observed, are firemen,21,22, the armed forces,6,16'23,24 
and health care workers, such as veterinarians,23 dentists, pharmacists, and 
doctors.6 
However, most of these studies evaluated relationships between multiple 
cancers and multiple occupational exposures, and several significant 
associations are expected to occur from chance alone. Often, these studies 
were merely hypothesis generating. Adjustment for pigmentation 
characteristics and ultraviolet exposure was seldom feasible and duration and 
latency analyses were not always performed. More evidence on the causality 
of the reported associations is needed. 
Therefore, data from a case-control study were used to re-evaluate the 
reported associations between risk of cutaneous melanoma and specific 
industries. An important advantage of this study is the availability of detailed 
information about other melanoma risk factors, such as pigmentation 
characteristics and sunlight exposure. 
171 
DATA AND METHODS 
The case-control study was performed in The Netherlands including 140 cases 
with superficial spreading or nodular melanoma and 181 controls with other 
types of malignancy. Diagnoses among control patients are given in 
Table 10.1. Both cases and controls were registered by the same cancer 
registry, the Comprehensive Cancer Centre IKO which covers the mideastern 
part of The Netherlands. 
Information on occupational exposure was collected by interview. The 
respondents were asked about all jobs they had had for at least 6 months. 
Recorded were type of job, type of industry, and first and last year of 
employment. The subjects also received a list of specific groups of chemicals, 
TABLE 10.1 Diagnoses among 181 control patients 
Type of cancer 
Laryngeal cancer 
Cervical cancer 
Carcinoma of the corpus uteri 
Carcinoma of the ovaries 
Testicular cancer 
Bladder cancer 
Hodgkin lymphoma 
Non-Hodgkin lymphoma 
Number of 
controls 
19 
21 
19 
16 
23 
38 
13 
32 
on which they indicated whether they had ever been exposed to these 
chemicals. 
To be able to adjust for potential confounders, information was obtained about 
age at diagnosis, sex, educational level as indicator of socioeconomic status, 
and reaction of the skin to sunlight measured by tendency to burn and ability 
to tan. Subjects also gave detailed information about sunlight exposure. 
Hereby, a distinction was made between exposure to the sun during work 
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(chronic exposure) and exposure during leisure time activities (intermittent 
exposure). The latter type of exposure to sunlight, which is supposed to be 
more irregular than occupational sunlight exposure, is considered an important 
risk factor for melanoma, while chronic exposure is believed to have a neutral 
or even protective effect.26 Physical examination of the respondents was also 
accomplished and included assessment of skin, hair, and eye colour, degree of 
freckling, and number of naevi on the back. 
Crude odds ratios were calculated for all industries, which have been 
reported to be associated with increased melanoma risk. Subjects were 
considered exposed to a specific industry, if they had ever worked in that 
industry. Next, all odds ratios were adjusted for age, sex, educational level, 
hair colour, tendency to burn, freckling, and chronic and intermittent sunlight 
exposure by use of multivariate logistic regression models.27 Finally, duration 
and latency analyses were performed to assess whether more detailed 
specification of occupational exposure would reveal other or stronger 
associations with melanoma risk. 
RESULTS 
Table 10.2 presents numbers of cases and controls who ever worked in 
specific industries. Odds ratios are given only, if the number of cases or 
controls exceeded five. Two types of analyses with different definitions of 
non-exposure were performed. First, non-exposure was defined as never 
having worked in the specific industry for which the odds ratio was calculated. 
Second, non-exposed subjects were defined as those persons who had never 
worked in any of the industries mentioned in the table (53 cases and 78 
controls). The latter method revealed consistently higher odds ratios. With 
exception of the risk estimates for workers in the chemical industry 
(OR=1.03), the odds ratios for all potentially riskful industries were slightly 
increased. 
Compared with control patients, melanoma cases were younger, more often 
female, better educated, and more often had red or blond hair. Moreover, they 
burnt and freckled more easily, participated more often in sunbathing during 
leisure time, and were less frequently exposed to sunlight during work. 
Therefore, odds ratios were adjusted for the potential confounding effect of 
these risk factors (Table 10.2). 
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Defining non-exposure as never having worked in any of the potentially 
riskful industries, odds ratios increased for the electronics industry 
(OR=2.03), the metal industry (OR=2.61), and the transport and 
communication branch which includes the armed forces and firemen 
(OR=1.92). The odds ratio decreased for workers in the chemical industry 
(OR=0.42), for workers in the textile industry (OR = 1.14) and for those with 
health care professions, including veterinarians and people working in the 
pharmaceutical industry (OR = 1.00). 
Stratification by duration of industrial exposure did not result in increases of 
odds ratios with longer duration of exposure. In the electronics and metal 
industry the crude odds ratios were higher for persons who had worked there 
for 1-5 years than for persons with longer duration of employment. Analyses 
according to latency period (< 20 years and > 20 years) suggested higher 
risks of melanoma with a latency of < 20 years; crude odds ratios were 
OR=2.23 in the metal industry, OR = 1.32 in the electronics industry, and 
OR = 1.85 in the transport and communication branch. With a latency of more 
than 20 years the odds ratio for the electronics industry remained OR = 1.32; 
for the metal industry and the transport and communication branch the odds 
ratios decreased to OR = 1.17 and OR=0.98, respectively. Adjustment for 
potential confounders was no longer feasible because of the low numbers in 
each category of duration and latency. 
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TABLE 10.2 Numbers afeases and controls who ever worked in specific industries, and corresponding crude and adjusted 
odds ratios with 95% confidence intervals, only if more than five subjects are available 
Industry 
Petrochemical 
Chemical 
Electronics 
Rubber and plastics 
Printing 
Textile 
Synthetic fibers 
Metal 
Health care 
Number 
of cases 
1 
7 
10 
2 
2 
15 
2 
19 
27 
Number of 
controls 
2 
10 
9 
3 
1 
18 
5 
19 
25 
Employment in specific industry* 
Crude odds 
ratio* 
(95% CI) 
--
0.90 
(0.33-2.43) 
1.47 
(0.58-3.70) 
-
-
1.09 
(0.53-2.24) 
~ 
1.34 
(0.68-2.64) 
1.49 
(0.82-2.70) 
Adjusted' odds 
ratio 
(95% CI) 
-
0.31 
(0.10-0.98) 
1.51 
(0.52-4.35) 
-
~ 
1.08 
(0.49-2.41) 
-
2.48 
(1.09-5.64) 
0.97 
(0.48-1.97) 
Employment in any industry** 
Crude odds 
ratio" 
(95% CI) 
~ 
1.03 
(0.37-2.89) 
1.64 
(0.62-4.33) 
-
-
1.23 
(0.57-2.64) 
-
1.47 
(0.71-3.05) 
1.59 
(0.83-3.05) 
Adjusted* 
odds ratio 
(95% CI) 
-
0.42 
(0.12-1.48) 
2.03 
(0.63-6.62) 
-
-
1.14 
(0.47-2.75) 
-
2.61 
(0.96-7.10) 
1.00 
(0.46-2.18) 
Transport and communication 44 52 1.14 1.70 1.25 1.92 
(0.70-1.84) (0.84-3.46) (0.74-2.12) (0.84-4.35) 
* Regarded as non-exposed are subjects who never worked in the specific industry for which the odds ratio is given 
** Regarded as non-exposed are subjects who never worked in any of the industries mentioned in the table: 53 cases and 78 controls 
• Adjusted for age, sex, educational level, hair colour, tendency to burn, freckling, and chronic and intermittent sunlight exposure odds 
ratios were adjusted for the potential confounding effect of these risk factors 
Table 10.3 shows that, when compared with the other industries, in the three 
industries with increased melanoma risk higher proportions of workers were 
exposed to tar products, cleaning agents/solvents, paint removers, glues, 
lubricating oils, plastics, and insulating materials. 
TABLE 10.3 Exposure to groups of chemicals reported by workers in the 
electronics, the metal industry, and in transport and 
communication, as compared with exposure of subjects who had 
never worked in these industries 
Group of chemicals 
1. Tar products 
2. Cleaners/solvents 
3. Paint/lacquer/varnish 
4. Paint removers 
5. Printing inks 
6. Glues 
7. Cutting oils/coolants 
8. Lubricating oils 
9. Condensator and 
insulator fluids 
10. Plastic monomers 
11. Plastic polymerization 
products 
12. Insecticides 
13. Insulating materials 
14. Preservatives 
15. Explosives 
Electronics 
industry 
26% 
58% 
11% 
11% 
5% 
16% 
0% 
26% 
21% 
21% 
21% 
0% 
42% 
16% 
5% 
Metal 
industry 
16% 
63% 
26% 
21% 
5% 
29% 
29% 
40% 
3% 
11% 
24% 
3% 
34% 
5% 
5% 
Transport and 
communication 
17% 
43% 
13% 
10% 
5% 
19% 
10% 
21% 
0% 
10% 
15% 
7% 
22% 
7% 
9% 
Other 
9% 
38% 
11% 
4% 
3% 
8% 
4% 
6% 
1% 
6% 
9% 
7% 
6% 
10% 
1% 
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DISCUSSION 
Cutaneous melanoma constitutes a growing threat to public health. A critical 
evaluation of the potential effects of occupational hazards is warranted. The 
results of this study corroborate previously reported positive associations 
between risk of cutaneous melanoma and employment in the electronics 
industry, in metal working, and in the transport and communication branch. 
The availability of detailed information about other melanoma risk factors 
made it possible to assess the independent effect of industrial exposures. After 
adjustment for age, sex, educational level, pigmentation characteristics, and 
intermittent sunlight exposure habits, the odds ratios remained elevated. These 
results indicate that confounding by established risk factors for melanoma does 
not explain the positive associations. 
Recall bias seems a very unlikely explanation for the increased odds ratios 
for workers in the electronics and metal industries, and the transport and 
communication branch. The respondents and the interviewers were not aware 
of possible associations between these specific industries and melanoma risk. 
Furthermore, the control group also consisted of patients with a malignancy, 
who, like the cases with melanoma, will ruminate about the possible causes of 
their disease. Therefore, they are comparable with respect to their inclination 
to attribute their disease to occupational exposures. 
Theoretically, using control patients with other types of malignancy could 
have obscured existent positive associations between specific industries and 
melanoma risk. This would be the case, if employment in these industries 
actually caused one or more of the cancers of the control group. Because of 
this danger, we chose for a control group consisting of patients with a variety 
of malignancies, such that any association between one of these cancers and a 
specific industrial exposure would have little overall effect on the results.29 As 
can be observed in Table 10.1, patients with bladder cancer or non-Hodgkin 
lymphoma constitute the largest proportions of the control group. Because 
bladder cancer is known to be associated with occupational exposures, 
including patients with bladder cancer in the control group could have resulted 
in dilution of existent associations between melanoma and the industries under 
study. Therefore, the analyses were repeated after exclusion of the controls 
with bladder cancer. These analyses yielded similar results and did not reveal 
stronger or new associations. 
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Other sources of failure to detect any existent relations between occupational 
hazards and melanoma risk may be the low numbers of exposed subjects and 
the rather crude definition of occupational exposure. No increased risks were 
seen for workers in the chemical industry, the textile industry, and among 
health care workers. However, based on the numbers of exposed controls and 
assuming an alpha error of 0.05, the power of detecting odds ratios of 2 was 
rather low: 66% for health care workers, 54% for the textile industry, and 
36% for the chemical industry.30 Distinction of ever versus never employed in 
a particular industry is only a crude characterization of occupational exposure, 
which could also have resulted in obscuring any existent relations. Because of 
the low numbers of cases and controls in each industry, analysis according to 
job categories was not feasible nor did stratification by duration and latency of 
industrial exposure reveal any consistent patterns. 
It was tried to obtain more specific information about occupational 
exposures in the industries that were associated with increased melanoma risk. 
Occupations of cases with melanoma ever employed in metal working were: 
engineering fitter (4), tool maker (2), crane engineer (1), mechanic (2), welder 
(1), sheet metal worker (1), production worker (3), driver (1), and 
administrator (4). Jobs reported by melanoma cases in the electronics industry 
were electrical engineer (1), engineering fitter (2), mechanic (3), production 
worker (1), installer (1), drawer (1) and administrator (1). The large number 
of cases in the transport and communication branch was mostly due to serving 
in the army. None of the melanoma patients were firefighters. The increased 
odds ratio associated with the transport and communication branch might 
partly be explained by the fact that 24% of subjects ever employed in this 
branch had also worked in the metal industry. 
Information about contact with groups of chemicals indicates that in the 
electronics industry, the metal industry, and the communication and transport 
branch higher proportions of workers were exposed to tar products, cleaning 
agents and solvents, paint removers, glues, lubricating oils, plastics, and 
insulating materials (Table 10.3). Unfortunately, the results of this and other 
studies do not allow more detailed identification of the agents responsible for 
the excess risk. A solvent often used in metal cleaning is methylene chloride, 
which was reported to be positively associated with melanoma risk by Lanes et 
al.31 Furthermore, Bell et al reported a twofold increased risk for contact with 
cutting oils.19 More evidence about the effect of these chemicals on melanoma 
risk is lacking. 
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In conclusion, the results of this study indicate that the risk of cutaneous 
melanoma for workers in the electronics and metal industries needs further 
appraisal. Confounding by other known risk factors for melanoma did not 
explain the positive associations. Considering the fact that other studies also 
found an increased risk of melanoma in the electronics industry, it seems 
unlikely that the positive associations are due to chance. Cohort studies are 
necessary to further clarify the specific exposures responsible for the excesses 
of melanoma observed. 
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GENERAL DISCUSSION 
The objective of this thesis was to study the aetiology of cutaneous melanoma. 
Much attention was paid to the theoretically complex relationship with sunlight 
exposure. Hereby, various problems were met. Some of these problems are 
common to epidemiologic studies, while other problems more specifically 
pertain to the nature of the relationship that was studied. 
An important determinant of the quality of every study is an adequate 
definition of the disease and exposure(s) of interest. The internal validity of 
the study must be secured by prevention, as far as possible, of the most 
important biases, such as selection bias, information bias, and confounding 
bias. The potential for occurrence of these biases depend on eligibility criteria 
for the study population, the quality of measurement techniques, and the way 
in which other risk factors are dealt with. Because no study is perfect, a final 
evaluation of the results must address the question to what extent and in which 
direction the risk estimates could have been biased. Finally, the possibility of 
drawing definite conclusions from the study also depends on the precision of 
the results. These issues will now be discussed, mainly in reference to the 
intermittent sunlight hypothesis. 
Definition of disease 
The grouping of all melanoma subtypes together in one study about the 
intermittent sunlight hypothesis is inappropriate. The hypothesis pertains to 
superficial spreading and nodular melanomas.' Lentigo maligna melanomas 
and acrolentiginous melanomas are supposed to have a different aetiology. 
Compared with superficial spreading and nodular melanoma, lentigo maligna 
melanoma has stronger associations with accumulated exposure to the sun.2 
Including lentigo maligna melanomas in the study can lead to a spurious 
positive association with cumulative sunlight exposure. Therefore, in the case-
control study all melanomas were revised by one pathologist. Based on this 
histologic review of diagnoses lentigo maligna melanomas and acrolentiginous 
melanomas were excluded. 
Definition of intermittent sunlight exposure 
The intermittent sunlight hypothesis has important implications with respect to 
the definition of intermittent sunlight exposure. These implications have not 
always received sufficient attention. Regular chronic exposure, which enables 
the skin to get accustomed to the sun, must be clearly distinguished from 
irregular patterns of exposure. Intermittent exposure can be defined as 
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unusually intense exposure of skin that has not been tanned or thickened to 
provide a protective shield.3 Until now many studies have used sunlight 
exposure during recreational activities, such as sunbathing, watersporting, and 
vacations to sunny countries,4 as measure for intermittent exposure, but this 
may have been inadequate. Recreational exposure of subgroups whose skin 
cannot easily adapt to ultraviolet radiation, such as indoor workers and 
sun-sensitive persons who tan poorly, seems a better representation of the 
concept of intermittent exposure. Only a few studies addressed this issue and 
in general, these studies found higher odds ratios for persons with a sun-
sensitive skin or poor tanning ability compared with persons with higher 
pigmentation levels.3'8 
In this respect, it may also be more valid to evaluate the association of 
sunlight exposure with melanomas on intermittently sunexposed body sites 
than that with melanomas on chronically sunexposed body sites. Melanomas 
on the trunk are more likely to be exposed intermittently than melanomas on 
the face, neck, forearms, lower legs, and the hands; the association of 
melanomas on intermittenty exposed sites with recreational sunlight exposure 
is expected to be stronger. This aspect deserves special attention because in 
the few studies, which made a distinction between melanomas according to 
body site, stronger associatons were found for melanomas on chronically 
sunexposed body sites.7,9,10 This finding, which seems to contradict the 
intermittent sunlight hypothesis, needs explanation. 
An adequate definition of exposure must also take into account the 
appropriate induction period. Conflicting results have been reported with 
respect to the length of the induction period for cutaneous melanoma. Migrant 
studies and several case-control studies indicate that chidhood exposures play a 
crucial role,2"12 but other studies point to shorter induction periods.13,14 At 
present the best option is to estimate sunlight exposure for different age 
periods. The analysis can then be repeated with changes in the assumptions 
about the timing of the aetiologically relevant period." Theoretically, the 
analysis yielding the largest estimate of effect selects the most appropriate 
assumption about the empirical induction period, and gives the best estimate of 
the undiluted effect. 
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The study population and eligibility criteria 
Cases and controls were selected from the same cancer registry, the 
Comprehensive Cancer Centre IKO, which covers the mideastern part of The 
Netherlands. Eligible as cases were patients with a primary and histologically 
verified superficial spreading or nodular melanoma. The control group 
consisted of patients with another type of cancer: urogenital cancers, laryngeal 
cancers, or (non-)Hodgkin lymphomas. All patients were diagnosed in the 
years 1988-1990, were aged between 20 and 70 years, and were Caucasians. 
The prime reason to chose for controls with cancer was the assumption that 
they, like the melanoma patients, have ruminated about possible causes of 
their disease, and are matched in their motivation to report suspected 
exposures. The comparability of information was expected to reduce the 
potential for recall bias. An additive advantage of this control group is that 
they are registered by the same cancer registry and therefore originate from 
the same catchment population as the cases with melanoma.16 However, this 
does not necessarily mean that such a control group will reflect the exposure 
prevalences in the population which generated the cases. Of particular concern 
is the fact that the exposure(s) under study may actually cause cancers of 
several sites, unknown to the investigator. The effect of this problem is to bias 
the risk estimate downwards. For this reason, it was decided to chose for a 
mixture of other cancer patients as controls, such that any association between 
one of the cancers in the control group and the exposure of interest would 
have little overall effect on the results.16 
The rationale to select specifically patients with urogenital cancers, 
laryngeal cancers, or (non-)Hodgkin lymphomas was, that these control 
patients were expected to have a rather similar age and sex distribution. 
Furthermore, like melanoma patients, they have relatively high one-year 
survival rates. This ensured that most patients could be interviewed within one 
year after diagnosis. 
A problem that could have introduced selection bias is the low response rate 
among control patients (47%). There are two reasons for this low response. 
First, in The Netherlands privacy rules are very strict. The eligible patients 
could only be contacted in a very indirect way. The Comprehensive Cancer 
Centre IKO asked the attending physicians to invite their patients for 
participation to the study. If the patients wanted to participate, they themselves 
sent a form with their name and other relevant data to the investigators. This 
indirect approach probably has led to a loss in the response rate. 
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However, the response rate among melanoma patients, who were contacted 
in the same way, was considerably higher (80%). Therefore, another 
important reason for the low response must be that control patients and their 
attending physicians were less motivated to participate in the study, which was 
presented as a study of risk factors for skin cancer. The original planning was 
to keep the patients blind about the specific interest in melanoma and to 
present the study as an evaluation of risk facors for cancer in general. 
However, this design was not approved of by the Ethical Committee. In the 
opinion of the Committee patients must not be deceived and have the right to 
be informed about the aim of the study. However, this concession to ethical 
considerations may have resulted in unknown repercussions on the validity of 
the results. The critical issue is whether the low response rate has led to 
selection with respect to exposure among the controls. The answer to this 
question for a good deal depends on the reason for non-response. For patients 
who did not return the form, it was impossible to track who was unwilling to 
cooperate: the attending physician or the patient. If the main reason for non-
response was that the attending physicians failed to invite their patients to 
participate, the selection is unlikely to be related to exposure. However, if the 
main source for non-response lies with the patients themselves, the control 
group may not be representative regarding life-styles including recreational 
passtimes such as sunbathing and swimming. The direction and magnitude of 
the resulting bias then becomes a matter of speculation. 
Measurement of sunlight exposure and information bias 
In case-control studies the measurement of past sunlight exposure depends on 
recall of the participants. Questionnaire techniques have been developed but 
formal evaluation is still lacking, and there are no ultimate "true" data with 
which responses can be compared. Due to errors in measurement two types of 
information bias can occur. If the errors are dependent on the case-control 
status, differential misclassification (recall bias) will occur. If the errors are 
the same for persons with and without melanoma, nondifferential 
misclassification occurs, and the bias is always in a predictable direction: the 
odds ratio will be attenuated.17 
The supposed relationship of skin cancer with sunlight exposure nowadays is 
well known to the public. The possibility exists that patients with melanoma 
have a stronger inclination to attribute their diasease to sunlight exposure, 
compared with controls without the disease. Thus, recall bias can occur. There 
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are several strategies to reduce its occurrence in case-control studies,18 but 
with respect to the study of the sunlight-melanoma relationship there is serious 
doubt about their success. The advantage of using controls with cancer is, that 
they have, like the melanoma patients, similar incentives to recall past 
exposures which they consider as potential causes of their disease. However, 
despite the superior comparibility of motivation, the problem of recall bias 
may still not be solved. Unlike melanoma patients, controls with internal 
cancers are not expected to ascribe their disease to sunlight exposure. Keeping 
respondents and interviewers blind about the hypothesis is impossible, because 
the relationship between skin cancer and melanoma and sunlight is well known 
to the public. Selecting as controls persons with conditions they themselves 
cannot distinguish from melanomas, such as dysplastic or atypical naevi, does 
not solve the problem either, because these lesions are also considered to be 
related to sunlight exposure. Whether or not recall bias occurs, can be 
checked by incorporating in the questionnaire "fake" exposures whose relation 
to melanoma have been ruled out. However, it is difficult to think of other 
exposures that for the respondents have equal plausibility as risk factor. 
Furthermore, non-differential recall of innocent exposures does not preclude 
differential reporting of true risk factors.18 The methods to control recall bias 
in the analysis are very limited. Theoretical sensitivity analyses can give 
indications about the the range of odds ratios that could be caused by recall 
bias,19 but always depend on assumptions about what case-control differences 
in sensitivity and/or specificity are considered realistic. Improved 
measurement quality is preferable to analytical adjustments. 
For those who consider recall bias a serious threat to validity, the only 
solution seems to be the design of a cohort study. However, if childhood 
exposures play a crucial role, a prospective cohort study would be too 
time-consuming. Retrospective cohort designs are preferable. Composition of 
the cohorts would depend on the measurement of intermittent sunlight 
exposure. An example that can be thought of is to compare the incidence of 
melanoma in a cohort composed of persons, who as a child lived for some 
time in a (sub)tropical climate, with that in a cohort of persons who did not. 
At present defenders of the intermittent sunlight theory do not consider 
recall bias a critical issue, but ascribe the observed weak associations between 
past sunlight exposure and melanoma risk to random misclassification of 
exposure.4 However, simply believing that in reality the associations are 
stronger is unsatisfactory. Efforts must be made to improve measurement by 
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the use of more uniform and standardized indices for sunlight exposure. The 
epidemiologic studies which have been performed so far, have used a great 
diversity of indices. This diversity of measures makes comparison of results 
between studies difficult and the evaluation of dose-response relationships 
impossible. In the case-control study in this thesis we used (with permission) 
the questionnaire that was developed by Elwood et al for the Western Canada 
Melanoma Study.' It was tried to use questions in as close a form to the 
original as possible, so that the results could be compared most favourably 
with those of the Canadian study. 
The role of pigmentary traits 
Pigmentary traits are important determinants of melanoma risk.20 These traits 
reflect constitutional susceptibility to melanoma. To assess the independent 
effect of environmental risk indicators, relative risks must be estimated 
conditionally on pigmentation characteristics. However, it is still unclear 
which pigmentation characteristics can best be used as indicators of 
constitutional predisposition to melanoma. The published case-control studies 
are in no way comparable with respect to the pigmentary traits for which 
adjustment was made. Indicators, that were used, are hair colour, skin colour, 
freckling, and ethnic origin,5 chronic and acute skin reaction to sunlight,6 and 
naevus counts.21,22 
Furthermore, in most studies the indicators for constitutional susceptibility 
were regarded as confounders, but the question can be raised, whether it is 
better to regard pigmentation characteristics as effect modifiers. An important 
implication of the intermittent sunlight theory is that the effect of exposure to 
the sun is influenced by pigmentation characteristics.1 This aspect must receive 
more attention and requires subgroup analysis according to pigmentary traits. 
Hereby, it must be evaluated whether or not the odds ratios differ across the 
subgroups. For this, large groups of study persons are needed. 
The role of naevocellular naevi in the development of melanoma also needs 
clarification. Number of naevi is a very important indicator of melanoma risk, 
but it remains unclear whether naevi are independent risk indicators for 
melanoma, or intermediates caused by sunlight exposure and developing into 
melanomas. The exact nature of the relationship between naevi and melanomas 
has important consequences for the analysis. If naevi are intermediates, 
adjustment for this factor would bias the sunlight-melanoma association toward 
no effect.4 
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Precision of the study results 
Most results of the case-control study in this thesis, especially those yielded by 
subgroup analyses, are not statistically significant at the confidence level of 
a=0.05. This means that, when accepting only a chance of 5% or less of 
falsely rejecting the null hypothesis, the null hypothesis that intermittent 
sunlight exposure has no effect cannot be rejected. Methods to increase 
precision of the study results are to enlarge the study size or to increase the 
efficiency of the study. The efficiency can be improved by restricting the 
study population to individuals, in whom the highest effect of sunlight 
exposure is expected, for example persons who have low pigmentation levels. 
Conclusions on the intermittent sunlight theory 
In summary, several conclusions can be drawn regarding the relationship 
between intermittent sunlight exposure and risk of superficial spreading and 
nodular melanoma. An important strategy to be followed in the evaluation of 
the intermittent sunlight hypothesis is to minimize nondifferential 
misclassification of exposure, which is supposed to be responsible for the only 
weak associations with melanoma risk. This can be done by use of more 
uniform and standardized measurement techniques and by allowance for 
adequate induction periods. This means abandoning the use of lifetime 
measures of exposure in preference of measuring sunlight exposure in 
different periods of life. 
Furthermore, the intermittent sunlight hypothesis would gain more credit, if 
the implication that the effect of sunlight exposure is modified by background 
exposure and pigmentation characteristics is proven to be true. The assessment 
of this implication requires stratified analyses according to measures for 
background exposure, e.g. indoor versus outdoor workers, and according to 
ability of the skin to adapt to the sun. In studies of such effect modification, 
consistent and statistically significant results (a=0.05) can only be reached by 
a large study size. 
Another issue, that needs consideration, is distinction of melanomas 
according to melanoma site. The stronger assocation with melanomas on 
chronically sunexposed body sites, which seems to contradict the intermittent 
sunlight theory, needs explanation. It would be interesting to know whether 
this observation can be reproduced in a study with larger numbers of cases 
and controls. 
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Alternative hypotheses on melanoma aetiology 
Alternative hypotheses on melanoma aetiology, especially those that are in 
keeping with current epidemiologic trends, such as the high incidence of 
melanoma in sunny climates, the higher risk among indoor workers, and the 
increasing risk with higher socioeconomic status, warrant further appraisal. 
One such hypothesis is, that contact with carcinogens in water during 
recreational activities induces melanoma. In this thesis exploration of this 
hypothesis led to the finding of a positive association of melanoma risk with 
number of swimming certificates and with age at which swimming was 
learned. 
To a certain extent, every variable measured in epidemiologic studies can be 
considered only a surrogate variable for some more appropriate measure of the 
underlying phenomenon.17 The central question is whether the swimming 
characteristics, that are positively associated with melanoma risk, are a 
measure for contact with carcinogens in water, or for increased exposure to 
ultraviolet radiation with which outdoor swimming is strongly correlated. In 
order to answer this question, the unraveling of the effects of water exposure 
and sunlight exposure is necessary. It is inherently difficult to assess the 
unconfounded association of melanoma risk with water exposure, because 
aquatic activities are strongly associated with exposure to the sun. Adjustment 
for indices of sunlight exposure may be inadequate, because the possibility of 
residual confounding due to misclassification of intermittent sunlight exposure 
cannot be excluded. Therefore, for evaluating the carcinogenicity of water, 
specification of type of water, for example a sharp distinction between 
chlorinated and non-chlorinated swimming water, is necessary. The water 
pollution hypothesis would be strengthened by the observation of differences 
in relative risk associated with swimming in waters containing different levels 
of chlorine. 
A further possibility that needs to be considered is that various factors act 
together in the causation of cutaneous melanoma. Animal models for 
melanoma support the hypothesis that ultraviolet radiation combined with 
chemical agents induce melanoma. Kripke proposed the theory that in humans 
ultraviolet light might act to suppress an immune response, thereby enabling a 
chemical agent to induce melanoma.23 Such a causal model warrants analyses 
that consider interactions between sunlight and chemical exposures. 
The review of studies of the association between occupation and melanoma 
risk indicates, that in particular among blue collar workers there are several 
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methodologie problems that could have led to failures to detect existent 
associations. Lower socioeconomic classes have lower risks of developing 
melanoma and may have more chronic and less intermittent sunlight exposure. 
Therefore, in the assessment of the independent effect of occupational hazards 
adjustment for socioeconomic class and/or life-style habits, such as sunlight 
exposure, is required. Numbers of participants must be large enough to reach 
the statistical power to demonstrate odds ratios of at least 2. Identification of 
the specific occupational hazards, that could be responsible for increased 
melanoma risk as was observed in the electronics and metal industries, require 
cohort studies with numbers of workers large enough to enable categorization 
according to specific chemical exposures. 
Because the intermittent sunlight theory is not without controversy, 
alternative theories on melanoma aetiology deserve more attention. However, 
the question 'What is new under the sun?' confronts the investigator with 
important challenges. The effects of water exposure must be separated from 
the effects of ultraviolet exposure. Furthermore, multicausal models require 
studies that consider interaction between various factors. The evaluation of 
interaction in epidemiologic studies is a complicated issue and also requires a 
much larger study size than that which could be attained in the case-control 
study in this thesis. 
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SUMMARY 
An increase in incidence of and mortality from cutaneous melanoma has been 
observed in many countries. The Netherlands form no exception. Nationwide 
data on cancer incidence over a longer period are not yet available, but data 
from a registry of histologic diagnoses from pathology departments indicate an 
increase. In 1987 in The Netherlands (15,000,000 inhabitants) the estimated 
number of new cases of cutaneous melanoma was 1372. Over the period 1950-
1988 mortality from melanoma has quadrupled. Statistical modelling of the 
trend indicated that the increase in mortality is attributable both to secular 
trends and to better certification of melanoma deaths (Chapters 1 and 2). 
The complex epidemiology of the most common types of melanoma, 
superficial spreading melanoma and nodular melanoma, has led to the proposal 
of the intermittent sunlight hypothesis: melanoma risk is increased primarily 
by irregular exposure to ultraviolet radiation of skin not yet accustomed to the 
sun. More regular, chronic exposure is supposed to have a neutral or even 
protective effect. A review of 25 case-control studies revealed that the 
evidence for the intermittent sunlight hypothesis is far from complete 
(Chapter 3). The studies show many differences in methodologie issues with 
respect to types of melanoma included for study, the measurement of sunlight 
exposure, the period(s) in which sunlight exposure was estimated, blinding 
strategies to reduce recall bias, correction for other risk factors, and type of 
base population. After grouping the studies according to methodology only the 
odds ratios for the population based studies were homogeneous. The pooled 
odds ratios were: 1.57 (95% CI: 1.29-1.91) for intermittent sunlight exposure 
and 0.73 (95% CI: 0.60-0.89) for chronic exposure. Cautious interpretation of 
these results is warranted because of methodologie problems, such as potential 
publication bias, the lack of standardization of measures for sunlight exposure, 
and the differences in other design aspects between the reviewed case-control 
studies. 
Because the intermittent sunlight theory is not without controversy, 
exploration of other environmental risk factors seemed worthwhile. A 
literature review of theories about the role of nonsolar factors revealed that the 
evidence for alternative theories is either absent or far from complete (Chapter 
4). However, in industrialized countries people come in contact with chemicals 
through many routes, such as occupation, food, drugs, cosmetics, air, and 
water. The results of studies on melanoma and occupation draw attention to 
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the possible role of chemicals involved in several industrial processes. 
Furthermore, theoretical arguments can be given that water pollution and, in 
particular, chlorination is worth exploring as a possible cause (Chapter 5). 
A population-based case-control study was performed in The Netherlands. 
The objectives of the study were: 
1. A critical appraisal of the intermittent sunlight hypothesis with special 
attention to the potential impact of measurement errors on the odds ratios 
(Chapter 6 and 7); 
2. The evaluation of a possible modifying role of background exposure to the 
sun and pigmentation characteristics on the sunlight-melanoma association 
(Chapter 8); 
3. The exploration of other possible risk indicators, such as aquatic exposure 
to carcinogenic substances and occupational hazards (Chapter 9 and 10). 
Included in the study were 140 patients with a superficial spreading or a 
nodular melanoma, and 183 patients with a urogenital cancer, laryngeal 
carcinoma, or (non-)Hodgkin lymphoma. All patients were registered by the 
cancer registry of IKO, which stands for the Comprehensive Cancer Centre 
East. Data on potential and established risk factors were obtained by 
interview. Information on exposures was collected for three periods in life: 
before the age of 15 years, at ages 15-25 years and after the age of 25 years. 
Physical examinations of all respondents were performed to collect 
information about pigmentary traits: colour of the hair, eyes and skin, degree 
of freckling, and number of naevi on the back. 
The overall data with respect to indices for sunlight exposure at ages 15-25 
years indicated that, compared with the control patients, a higher proportion of 
the melanoma patients had participated in sunbathing and in boating and 
fishing (OR= 2.16; 95% CI: 1.22-3.81 and OR = 1.60; 95% CI: 0.66-3.87, 
respectively). Furthermore, more melanoma patients had had vacations in 
sunny countries (OR= 1.43; 95% CI: 0.75-2.74), and had experienced 
sunburns (OR=2.10; 95% CI: 1.23-3.56). A higher proportion of melanoma 
patients had never worked outdoors (OR=0.57; 95% CI: 0.33-0.98) 
(Chapter 6). 
A type of bias that can easily occur in case-control studies of an association 
that is already well known to the public (as is the case with the 
melanoma-sunlight association), is recall bias. Possible occurrence of this bias 
was evaluated by analyses according to age group and melanoma site 
(Chapter 6). Furthermore, theoretical sensitivity analyses and review of other 
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case-control studies were performed. Higher odds ratios (exceeding the value 
of 2) were found among the > 50 age group as compared with younger 
persons, and for melanomas on chronically sunexposed sites as compared with 
melanomas on body sites usually covered by clothing. Recall bias may explain 
these results, but sensitivity analyses indicated that herefore considerable case-
control differences in sensitivity and/or specificity are required. Alternative 
explanations for the findings according to age group and melanoma site are 
not satisfactory. Especially the higher odds ratios for melanomas on 
chronically sunexposed body sites, which were also observed in a few other 
studies, is contrary to expectation. This finding seems to challenge the 
intermittent sunlight theory, because the theory is designed to explain the 
predominance of melanomas on intermittently sunexposed sites. 
Defenders of the intermittent sunlight theory argue that nondifferential 
misclassification of sunlight exposure is responsible for the weak 
sunlight-melanoma associations. To evaluate this tentative argument, kappas 
were used to correct for the attenuation of the odds ratio (Chapter 7). 
However, this method turned out to be of little practical value, because it 
depends on theoretical assumptions whose tenability is often a matter of 
considerable concern. Theoretical sensitivity analyses indicated that, assuming 
misclassification probabilities ranging from 5% to 15%, the true odds ratios 
could vary around the value of 3. 
Yet another reason for the weak melanoma-sunlight associations could be 
that the association has not been evaluated in the most relevant subgroups. 
Stronger associations are expected to be found in persons with limited 
opportunity for gradual tanning. Such persons are indoor workers as compared 
with persons who regularly work outdoors, and persons with a sun-sensitive 
skin, who burn easily and tan poorly, as compared with more sun-resistant 
persons. Comparison of these subgroups showed a general trend toward higher 
odds ratios among indoor workers and sun-sensitive persons (Chapter 8). 
These results are compatible with the intermittent sunlight hypothesis. 
The exploration of alternative risk indicators was directed at the possible 
aetiologic role of carcinogens in water, for instance chlorinated by products, 
and of occupational hazards in specific industries. The hypothesis that 
carcinogens in water induce melanomas was examined by use of detailed 
information about swimming characteristics (Chapter 9). Patients with 
melanoma more often had 3 or more swimming certificates. Compared with 
persons who had no swimming certificates the odds ratio was 2.61 (95% CI: 
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1.07-6.30). Melanoma patients also learned swimming at a younger age. 
Regular swimming in indoor and outdoor swimming pools, and in open 
waters, such as rivers, canals, and seas, before the age of 15 years was 
associated with increased risk. Swimming in relatively less polluted waters, 
such as lakes and fens, did not increase melanoma risk. The odds ratios were 
adjusted for other melanoma risk factors including sunlight exposure. 
Several ocupational studies have reported excess of melanoma risk in 
specific industries. Chapter 10 evaluated these associations. The difference 
with previous occupational studies lies in the availability of detailed 
information on pigmentary traits and sunlight exposure. This made it possible 
to adjust for the confounding effect of these risk factors. Increased odds ratios 
were found for subjects who had ever worked in the electronics industry 
(OR=2.03; 95% CI: 0.63-6.62) and for metal workers (OR=2.61; 95% CI: 
0.96-7.10). No increased risks were seen for workers in the chemical 
industry, the textile industry, and among health care workers. 
In conclusion, with respect to the intermittent sunlight theory the results are 
contradictory. On the one hand, the trend toward stronger melanoma-sunlight 
assocations among indoor workers and sun-sensitive individuals gives more 
credit to the intermittent sunlight hypothesis. On the other hand, the stronger 
association of sunlight exposure with melanomas on chronicaly sunexposed 
sites is contrary to expectation. Unless this finding is caused by chance, it 
seems to challenge the theory. Furthermore, the positive associations of 
melanoma risk with a history of frequent swimming and with employment in 
the electronics and metal industries warrant more interest in alternative 
hypotheses. 
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SAMENVATTING 
In vele landen wordt een toename gezien in de incidentie van en de mortaliteit 
ten gevolge van het huidmelanoom. Nederland vormt hierop geen 
uitzondering. Landelijke gegevens over de incidentie van kanker over een 
langere periode zijn nog niet beschikbaar, maar data afkomstig van een 
registratie gevoerd door en voor patholoog-anatomen (PALGA) duiden op een 
toename. In 1987 was het geschatte aantal nieuwe gevallen van huidmelanoom 
in Nederland (ongeveer 15.000.000 inwoners) 1372. Gedurende de periode 
1950-1988 is de mortaliteit ten gevolge van huidmelanoom verviervoudigd. 
Statistische modellering van de trend wees erop, dat de toename in mortaliteit 
kan worden toegeschreven aan zowel seculaire trends als aan een betere 
registratie van melanoom als primaire doodsoorzaak (Hoofdstuk 1 en 2). 
De complexe epidemiologie van de meest voorkomende types 
huidmelanoom, superficial spreading en nodulair melanoom, heeft geleid tot 
de formulering van de intermitterende zonlicht hypothese: het risico op 
melanoom wordt vooral bepaald door onregelmatige blootstelling aan 
ultraviolette straling van een huid die nog niet gewend is aan de zon. Meer 
regelmatige, chronische blootstelling wordt geacht een neutraal of zelfs 
beschermend effect te hebben. Een literatuuroverzicht van 25 patiënt-controle 
onderzoeken maakte duidelijk dat de odds ratio's voor zonlichtexpositie nogal 
variëren (Hoofdstuk 3). De studies toonden onderling grote verschillen in 
methodologie. Deze verschillen betroffen: de types melanoom die waren 
opgenomen in de studie, de meting van zonlichtexpositie, de periode(s) waarin 
zonlichtexpositie werd gemeten, blinderingsstrategieen om informatie-bias te 
voorkomen, correctie voor andere risicofactoren en het type basispopulatie. Na 
groepering van de studies naar deze methodologische aspekten bleek, dat 
alleen de odds ratio's van de 'population based' onderzoeken homogeen 
waren. De gepoolde odds ratio's waren OR = 1.57 (95% BI: 1.29-1.91) voor 
intermitterende zonlichtexpositie en OR=0.73 (95% BI: 0.60-0.89) voor 
chronische expositie. Een voorzichtige interpretatie van deze resultaten is 
echter gewenst vanwege mogelijke publicatie-bias, het gebrek aan 
standaardisatie van maten voor zonlichtexpositie en de andere methodologische 
verschillen tussen de studies. 
De controversen met betrekking tot de intermitterende zonlichthypothese 
maken onderzoek naar andere risicofactoren uit het milieu de moeite waard. 
Een literatuuronderzoek van theorieën betreffende de rol van nonsolaire 
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factoren laat zien dat het bewijs voor alternatieve theorieën afwezig of verre 
van volledig is (Hoofdstuk 4). In geïndustrialiseerde landen komen mensen 
echter voortdurend in contact met chemische stoffen via allerlei routes: 
beroepsmatig, via voedsel, medicijnen, cosmetica, lucht en water. De 
resultaten van onderzoeken naar de relatie tussen melanoom en beroep 
vestigden de aandacht op de mogelijke rol van chemische stoffen die zijn 
betrokken in verschillende industriële processen. Verder kunnen theoretische 
argumenten naar voren worden gebracht, dat watervervuiling en in het 
bijzonder chlorering van water een rol kunnen spelen bij het ontstaan van 
huidmelanoom (Hoofdstuk 5). 
Een 'population based' patiënt-controle onderzoek werd uitgevoerd in 
Nederland. De doelstellingen van dit onderzoek waren: 
1. Een kritische evaluatie van de intermitterende zonlichttheorie met extra 
aandacht voor de mogelijke invloed van meetfouten in de expositie op de 
odds ratio's (Hoofdstuk 6 en 7); 
2. De evaluatie van de mogelijk modificerende rol van achtergrondexpositie 
aan zonlicht en pigmentatiekenmerken op de zonlicht-melanoom associatie 
(Hoofdstuk 8); 
3. Onderzoek naar het effect van andere mogelijke risicofactoren, zoals 
expositie aan carcinogene substanties in zwemwater en beroepsmatige 
blootstellingen (Hoofdstuk 9 en 10). 
Aan het onderzoek namen deel 140 patiënten met een superficial spreading of 
een nodulair melanoom, alsmede 183 patiënten met een urogenitaal carcinoom, 
een larynxcarcinoom of een (non-) Hodgkin lymfoom, de kontrolegroep. Alle 
patiënten waren geregistreerd door de kankerregistratie van het Integraal 
Kankercantrum Oost (IKO). Gegevens over potentiële en reeds bekende 
risicofactoren werden verkregen door middel van een interview. Informatie 
betreffende expositie werd verzameld voor drie perioden in het leven: vóór de 
leeftijd van 15 jaar, de leeftijdsperiode tussen 15 en 25 jaar en na de leeftijd 
van 25 jaar. Lichamelijke onderzoeken van alle deelnemers werden verricht 
om informatie te verkrijgen over pigmentatiekenmerken: haar-, oog- en 
huidkleur, hoeveelheid sproeten en het aantal naevi op de rug. 
Analyses van de gegevens betreffende de verschillende maten voor 
zonlichtexpositie in de leeftijdsperiode tussen 15 en 25 jaar lieten zien, dat 
vergeleken met controle-patiënten grotere percentages van de 
melanoompatiënten zonnebaadden (OR=2.16; 95% BI: 1.22-3.81) en 
watersportten (OR =1.60; 95% BI: 0.66-3.87). Verder brachten meer 
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melanoompatiënten een of meer vakanties door in zonnige landen (OR =1.43; 
95% BI: 0.75-2.74) en hadden een of meer zonververbrandingen (OR=2.10; 
95% BI: 1.23-3.56). Een groter percentage van de patiënten met een 
melanoom werkte nooit in de open lucht en was dus niet regelmatig aan 
zonlicht blootgesteld (OR=0.57; 95% BI: 0.33-0.98) (Hoofdstuk 6). 
Een vorm van vertekening die gemakkelijk kan ontstaan in een onderzoek 
naar een associatie, die al bekend is bij het wijde publiek (zoals het geval is 
met de associatie tussen zonlicht en huidkanker), is informatie-bias. De 
mogelijke aanwezigheid van informatie-bias werd geëvalueerd door middel van 
analyses naar leeftijdsgroep en lokalisatie van het melanoom (Hoofdstuk 6). 
Verder werden theoretische sensitiviteitsanalyses uitgevoerd en werden andere 
patiënt-controle onderzoeken nagekeken op leeftijds- en lokalisatie-specifieke 
odds ratio's. Hogere odds ratio's (groter dan 2) werden gevonden in > 50 
leeftijdsgroep vergeleken met jongere personen en voor melanomen op 
chronisch aan de zon blootgestelde lichaamsdelen vergeleken met melanomen 
op lichaamsdelen die gewoonlijk worden bedekt door kleding. Informatie-bias 
zou deze resultaten kunnen verklaren, maar theoretische sensitiviteitsanalyses 
duiden erop, dat hiervoor de verschillen in sensitiviteit en/of specificiteit van 
de expositie-meting tussen patiënten en controles behoorlijk groot moeten zijn. 
Alternatieve verklaringen voor de bevindingen zijn niet bevredigend. Met 
name de hogere odds ratio's voor melanomen op chronisch blootgestelde 
lokalisaties, die ook werden gerapporteerd door andere patiënt-controle 
onderzoeken, beantwoorden niet aan de verwachting. Deze bevinding past niet 
bij de intermitterende zonlicht-theorie, omdat deze juist is aangedragen als 
verklaring voor het overwegend optreden van superficial spreading en 
nodulaire melanomen op intermitterend aan zonlicht blootgestelde 
lichaamsdelen. 
Verdedigers van de intermitterende zonlicht-theorie beweren, dat 
nondifferentiële misclassificatie van zonlichtexpositie verantwoordelijk is voor 
de zwakke zonlicht-melanoom associaties. Ter evaluatie van deze bewering 
werd gebruik gemaakt van kappa-coefficiënten om te corrigeren voor de 
veronderstelde afzwakking van de odds ratio's (Hoofdstuk 7). Deze methode 
bleek echter van beperkte praktische waarde, omdat zij is gebaseerd op 
theoretische aannames, waarvoor het vaak de vraag is of ze in de praktijk 
houdbaar zijn. Theoretische sensitiviteitsanalyses duidden erop, dat onder 
aanname van kansen op misclassificatie van zonlichtexpositie variërend van 
5% tot 15%, de werkelijke odds ratio's kunnen liggen rond de waarde van 3. 
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Nog een andere reden voor de zwakke zonlicht-melanoom associaties kan 
liggen in het feit, dat deze associatie meestal niet is bestudeerd in de meest 
relevante groepen. Sterkere associaties worden verwacht bij personen met een 
beperkte mogelijkheid om geleidelijk een beschermende pigmentlaag op te 
bouwen. Dit zijn voornamelijk personen die binnen werken (vergeleken met 
pesonen die regelmatig in de open lucht werken) en personen met een voor 
zon gevoelige huid, die gemakkelijk verbranden en moeilijk bruin worden 
(vergeleken met personen die beter zonlicht kunnen verdragen). Vergelijking 
van deze groepen resulteerde in een trend naar hogere odds ratio's voor 
binnenwerkers en personen met een voor zon gevoelige huid (Chapter 8). 
Deze resultaten zijn te verenigen met de intermitterende zonlichthypothese. 
Het onderzoek naar alternatieve risicofactoren was gericht op de mogelijk 
etiologische rol van carcinogene substanties in water, bijvoorbeeld 
gechloreerde koolwaterstoffen, en beroepsmatige risico's in specificieke 
bedrijfstakken. De hypothese, dat carcinogenen in zwemwater melanomen 
induceren, werd onderzocht met behulp van gedetailleerde informatie over 
zwemgewoonten (Hoofdstuk 9). Patiënten met een melanoom hadden vaker 3 
of meer zwemdiploma's. Vergeleken met personen zonder zwemdiploma's was 
de odds ratio 2.61 (95% BI: 1.07-6.30). Melanoompatiënten leerden ook 
vaker zwemmen op jongere leeftijd. Regelmatig zwemmen in binnen- en 
buiten-zwembaden en in open water, zoals rivieren, kanalen en zeëen, voor de 
leeftijd van 15 jaar was geassocieerd met een verhoogd risico op melanoom. 
Zwemmen in relatief minder vervuild water, zoals meren en vennen, was niet 
geassocieerd met een verhoogd risico. De odds ratio's waren gecorrigeerd 
voor andere risicofactoren inclusief zonlichtexpositie. 
Verschillende onderzoeken rapporteerden een verhoogde kans op 
huidmelanoom in specifieke bedrijfstakken. In hoofdstuk 10 werden deze 
associaties onderzocht met de gegevens uit het Nederlandse patiënt-controle 
onderzoek. Het verschil met de vorige onderzoeken is de beschikbaarheid van 
gedetailleerde informatie betreffende pigmentatiekenmerken en 
zonlichtexpositie. Dit maakte het mogelijk om te corrigeren voor deze 
risicofactoren. Verhoogde odds ratio's werden gevonden voor personen die 
ooit hadden gewerkt in de electronische industrie (OR=2.03; 95% BI: 0.63-
6.62), in de metaalindustrie (OR=2.61; 95% BI: 0.96-7.10) en in het 
communicatie- en transportwezen (OR = 1.92; 95% BI: 0.84-4.35). De kansen 
op huidmelanoom waren niet verhoogd voor personen die ooit hadden gewerkt 
in de chemische industrie, in de textielindustrie of in de gezondheidszorg. 
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Concluderend kan men stellen ten aanzien van de etiologie van het 
huidmelanoom dat met betrekking tot de intermitterende zonlichttheorie de 
resultaten tegenstrijdig zijn. Enerzijds is de trend naar de hogere odds ratio's 
voor binnenwerkers en voor personen met een voor de zon gevoelige huid in 
overeenstemming met de theorie. Anderszijds lijkt de sterkere associatie van 
zonlichtexpositie met melanomen op chronisch aan zonlicht blootgestelde 
lichaamsdelen strijdig met de theorie en vraagt om een nadere verklaring. 
Tenslotte vragen de positieve associaties van het risico op huidmelanoom met 
frequent zwemmen in de jeugd en met beroepen in de electronische en 
metaalindustrie om meer aandacht voor alternatieve hypotheses. 
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Stellingen behorend bij het proefschrift "Environmental risk indicators for cutaneous melanoma" 
1 Voor de indrukwekkende stijging van de incidentie van het melanoom van de huid bestaat nog 
steeds geen afdoende verklaring (dit proefschrift) 
2 De sterkere relatie van zonlichtexpositie met het voorkomen van het superficial spreading en 
nodulaire melanoom op regelmatig aan zonlicht blootgestelde lichaamsdelen, vergeleken met 
het voorkomen van deze melanomen op bedekte huid, is in strijd met de intermitterende 
zonlichthypothese (dit proefschrift) 
3 De correlatie tussen zwemmen en blootstelling aan zonlicht enerzijds en die tussen 
zonlichtexpositie en melanoomnsico anderzijds vormt geen argument tégen maar een 
argument vóór nader onderzoek naar de hypothese, dat blootstelling aan carcinogene stoffen 
in water een risicofactor is voor het ontstaan van het superficial spreading en nodulaire 
melanoom (dit proefschrift) 
4 De correctie door middel van Cohen's kappa-coefficient van de onderschatting van odds ratios 
ten gevolge van nondifferentiele misclassificatie van expositie is niet valide, omdat deze 
methode is gebaseerd op irreële aannames (dit proefschrift) 
5 Volgens de wetgeving van de Verenigde Staten zou bij de huidige concentraties van 
chloorjodide in het zeewater het zwemmen in zee verboden moeten worden, indien het een 
product van de industrie was (J E Lovelock, 1979) 
6 De regel van Bayes ten aanzien van het sterke a priori geloof in de hypothese dat zonlicht 
huidmelanoom veroorzaakt, voorspelt dat onderzoekers die wijzen op gebrek aan bewijs voor 
deze theorie zullen moeten vechten tegen de bierkaai 
7 "Voor niets gaat de zon op" is niet waar de prijs wordt betaald in de vorm van vroegtijdige 
veroudering van de huid en een verhoogde kans op het ontstaan van een aantal vormen van 
huidkanker 
8 Twijfel is een eerbetoon aan de waarheid (Ernest Renan) 
9 Het streven naar een sluitende exploitatie bij de spoorwegen is schadelijk voor het milieu 
10 Schildpadden kunnen meer over de weg vertellen dan hazen (Kahlil Gibran) 
Nijmegen, maart 1993 
Ρ J Nelemans 



